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PNEUMATICS. 



1. Our knowledge of the atmosphere, as revealed to us 
lay the united aid of Chemistry and Pneumatics, is one of 
the greatest triumphs of modern science. It was not until 
the close of the last century that air was removed from the 
list of ancient elements, and was proved to consist of two 
gases of essentially different chemical properties. Its physical 
properties were discovered earlier; but our present extensive 
knowledge of the atmosphere, considered chemically, physi- 
cally, and meteorologically, is chiefly the fruit of modern 
investigation, the result of improved instrumental aid and 
methods of research. And it is natural to suppose that the 
working parts of so vast and complicated a machine as the 
atmosphere, which can be scarcely said to appeal to any one 
of our senses, should remain much longer unknown than the 
properties of solids and liquids, which are so much more 
obvious. Even the heavenly bodies, although appealing to 
only one of the senses, and removed from us by vast dis- 
tances, are calculated by their beauty and the regularity of 
their motions, to attract attention, much more than an in- 
visible attendant, which, although constantly present with 
us, performs most of its faried offices in silence and in 
secret. 

2. The atmosphere, or sphere of gases (ar^ioi), is the general 
name applied to the whole gaseous portion of this planet ; as 
the term ocean is applied to its liquid, and land to its solid 
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portions. Being much lighter than either land or water, it 
necessarily floats or rests upon them ; but, unlike the ocean, 
■which is confined to the depressions of the solid surface, and 
covers only about three-fourths of it, the atmosphere is in 
suflicient quantity to cover the highest mountains, and to 
rise to nine or ten times their height above the sea-leveL so 
as to form a layer over the whole surface, averaging probably 
between forty and fifty niiles in thickness; which is about as 
thick in proportion to the globe as the liquid layer adhering 
to an orange after it has been dipped in water. The accom- 
panying figure will convey an idea of the proportion which 
the highest mountains bear to the curvature of the earth and 
the thickness of the atmosphere. The concentric lines divide 
the atmosphere into six layers, containing equal quantities of 
air, showing the great compression of the lower layers by the 
weight of those above them. 



Fig. 1. 

Supposed height of the atmotykere: 




Andes. Himalaya. 



3. The atmosphere consists essentially of two gases, callfjl 
oxygen and nitrogen. In its pure state oxygen is remarkable 
for the energy with which it promotes combustion, respi- 
ration, and other chemical changes. An iron or steel wire, 
heated to redness at one extremity, and plunged into a vessel 
full of this gas, will take fire and burn brilliantly. If an 
animal be placed in pure oxyge*n, its pulses will throb with 
increased rapidity, and it will die from excess of vital action. 
The properties of nitrogen, on the contrary, appear to be of 
a negative character. It supports neither combustion nor 
respiration, and on the latter account it was formerly called 
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axote.* It does not appear, however, to have any poisonous 
properties, like some other gases ; an animal cannot live in 
it, simply from the absence of oxygen, not because nitrogen 
is in itself prejudicial : on the contrary, its uses in the at- 
mosphere appear to he simply those of a dilutent ; it subdues 
and modifies the activity of the oxygen, and for this purpose, 
exists in much greater abundance. Every atom or particle 
of oxygen is accompanied by four atoms or particles of 
nitrogen; that is, if any measure or volume of air be sepa- 
rated or decomposed into its component parts, the nitrogen 
will occupy four times as much space as the oxygen. It is, 
however, an important property of gases to mingle, or be- 
come diffused, together so intimately, that, although oxygen, 
is somewhat heavier than nitrogen, these two gases always 
exist in the atmosphere in a state of mechanical mixtur, in 
the proportion of I to 4, and this without any regard to the 
localities from which samples of the air may be taken. In 
the crowded courts of our metropolis, as well as in the breezy 
downs of the country, in the arid deserts of Arabia, in the 
open ocean, in the polar regions, at heights accessible only to 
the balloon, in the fever hospital^ and in the flower garden, 
the proportion of these two essential ingredtei of the at- 
mosphere remains constantly the same. 

And this fact will appear the more wonderful, when we 
consider the innumerable sources of vitiation tending to de- 
stroy the useful properties of the oxygen, by depriving it of 
its powers to support life and combustion. Indeed, these two 
very actions are the chief means of vitiating it, for during 
the combustion of our lamps, and candles, and fuel, and 
during the respiration of animals, a quantity of carbon is 
liberated, every six parts o^ which, by weight, unite with 
16 parts by weight (or about 3,600 ties their own bulk) 
of oxygen, to form a compound gs called carbonic acid, 
which resembles nitrogen, in not supporting animal life 
or combustion ; but differs from it in being soluble in 
* From a Jumj, privative of life. 
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CARBONIC ACID, AQUEOUS VAPOUR, ETC., 



water, having an acid reaction, and Borne other characteristic 
properties, which readily distinguish it from that inert ele- 
ment. Carbonic acid is always present in the atmosphere in 
small but varying quantities ; and it is because the epiantity 
is liable to change that this gas is not reckoned as one of the 
essential constituents of the atmosphere. In 10,000 volumes 
or measures of atmospheric air the mean proportion of car- 
bonic acid is only five volumes; the proportion, however, is 
subject to constant variation, from 6-2 as a maximum to 37 
as a minimum. Near the surface of the earth the proportion 
of carbonic acid is greater in summer than in winter, and 
during night than during day. It is also rather more abun- 
dant in elevated situations, as on the summits of high moun- 
tains, than in the plains ; and although this gas is consider- 
ably heavier than its own 'bulk of pure atmospheric air (ita 
specific gravity being about 1*52), yet it appears to be dif- 
fused through the whole mass. 

When we consider that the innumerable animals which 
inhabit both the land and the water all depend more or less 
upon oxygen for their very existence ; that combustion of 
various kinds, as carried on in our daily operations; that fer- 
mentation and other processes all consume immense quan- 
tities of oxygen, i. e. convert it into steam and carbonic acid, 
chiefly the latter, it does indeed appear wonderful that the 
quantity of carbonic acid in the atmosphere Bhould be so 
small. By a beautiful arrangement, however, the carbonic 
acid thus formed is made to be the food of the vegetable 
world. The green parts of plants, under the influence of 
light, absorb carbonic acid, retain and assimilate the carbon, 
and restore the pure oxygen to the air. During the night, 
however, plants absorb oxygen and give out carbonic acid ; 
but in the course of the twentyibur hours they give out con- 
siderably more oxygen than they consume, and in this way 
a compensation is made for the loss of oxygen occasioned by 
respiration and combustion. 

The atmosphere also contains a variable quantity of 
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aqueous -vapour, arising partly from combustion as above 
mentioned, but chiefly from contact -with the surface of the 
sea, lakes, rivers, and moist soil. In 100 parts by weight of 
atmospheric air the mean quantity of watery vapour is 
nearly one part and a half. The amount, however, varies 
according to the temperature. At 50° (the mean temperature 
of England) the air can contain —J^th of its weight of water 
in an invisible state, without forming cloud, mist, or rain. It 
does not always contain so much, but the quantity cannot 
exceed this, without a portion being precipitated in a visible 
form. . At a higher temperature, however, more vapour 
could remain invisible ; thus at 82° (the mean temperature 
of the equator) the air may contain as much as -J^vd of its 
weight of invisible steam ; and air that contained only yfoth 
would be injuriously dry, though the same air cooled down 
to 50° would be at its maximum of humidity. 

There are other accidental ingredients in the atmosphere 
which are too numerous and in too small quantity to take 
account of. As the sea contains a little of everything that 
is soluble in water, so the atmosphere contains a little of 
everything capable of existing in the gaseous form at com- 
mon temperatures. Ammonia, which is a compound of 
hydrogen and nitrogen, is present in the atmosphere, and is 
supposed to be the source of nitrogen in plants ; while in 
crowded cities, and in the neighbourhood of gas-works, 
Bmeltrng-furnaces, sewers, stagnant pools, sulphur springs, 4c, 
there is much local contamination of the air from the pre- 
sence of different gases. "Various forms of infection, malaria, 
and marsh-miasma probably arise from the presence of 
noxious gases in the air.* 

4. This invisible compound fluid, the atmosphere, possesses 
many of the properties of solid matter, and also many that 
are peculiar to fluids. In a former treatise the chief proper- 
ties by which solids are distinguished from fluids werei 

* The chemical history of the atmosphere U given more fully in the 
author's Rudimentary Treatise on Warming and Ventilation. 
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pointed out ; but it ia now necessary to consider these 
and other properties more fully with reference to the 
atmosphere. 

In common with matter in every state, the air possesses 
impenetrability. It is obvious to the senses, as for as regards 
solids and liquids, that no two bodies can occupy the same 
place at the same time ; in order that one body should 
occupy the place of another, it is obviously necessary that 
the second should move away or be displaced ; hut the evi- 
dence of the senses fails us in the ease of air. If wo step 
into a bath completely full of water, a portion will overflow- 
precisely equal in bulk to that part of the body which is 
submerged ; the same thing takes place in an empty bath as 
it is called, or a bath full of invisible air, and hence called 
empty. When a person enters a room, -a quantity of air 
precisely equal to his own bulk is displaced, and escapes by 
the door, or window, or other opening. But the proof of 
the impenetrability of air may be made more obvious by the 
following experiment : — Plunge an inverted goblet into a 
vessel of water, keeping its edge horizontal, and it will be 
found that, to whatever depth we plunge the goblet, the 
■water will not fill it entirely. The air will be compressed 
into a smaller space, but not annihilated or displaced. At a 
depth of 34 feet below the surface of the water, the vessel 
containing the air will be half filled with water ; at 100 
feet it will be three-quarters filled ; at 1,000 feet it will be 
filled to within a thirtieth ; but even this small remaining 
space contains all the air which previously filled the vessel, 
and in drawing it up again to the surface the air will expand 
to its original bulk and drive out all the water. In fact, we 
can only get rid of the air by inclining the vessel, when so 
much of the air as is below the level of the highest part of 
its mouth will rise in bubbles through the water and escape ; 
and in this way all the air must be decanted or poured up 
before the vessel will be filled with water. 

5. The impenetrability, of air is alone suflicient to prove it 
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to be a material body, and, though, formerly supposed to be 
without vxigM, it is now well known to possess this pro- 
perty in common with matter in all other known states ; 
that is, it obeys the attractive influence of the earth and 
gravitates towards its centre. The proof that air has weight 
will be abundantly shown hereafter, when we come to speak 
of the barometer ; but for our present purpose the following 
experiment will suffice : — A copper flask of the capacity of 
100 cubic inches, furnished with a stop-cock, is fixed to one 
extremity of the ann of a balance, and accurately counter- 
poised by weights in the opposite scale. An exhausting 
syringe (an instrument to be described hereafter, 10) is then 
screwed upon the neck of the flaak with the stop-cock open, 
and by working the syringe nearly the whole of the air 
can be pumped out of the flask. On closing the stop-cock, 
to prevent the admission of the air, and detaching the flask 
from the syringe, it is again weighed, and is found to have 
lost abont 31 grains ; or, in other words, 100 cubic inches of 
air weigh about 31 grains. On opening the stop-cock, the 
air will be heard to rush in, and the equilibrium of the 
balance will be restored as before. 

If, instead of screwing the copper flask to an exhausting 
syringe we screw it to a txmderuing syringe, we can force or 
condense a quantity of air into the flask, in addition to what 
it naturally holds. After a few strokes of the condensing 
syringe the stop-cock of the flask is closed, to prevent the 
additional air from rushing out j the flask is then detached, 
and hung to the arm of the balance. The flask is no longer 
counterpoised, bat will require additional weights in the 
opposite scale-pan to restore it to equilibrium. If we again 
apply the condensing syringe to the flask, it will be found 
that every additional stroke of the syringe will require 
additional weights in the scale-pan to restore equilibrium, 
on account of the additional quantities of air forced into 
the flask. 

6. Here, then, is a very clear proof that air has weight, 
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and, in common "with all heavy matter, air also possesses 
inertia, that is, it cannot be set in motion without the com- 
munication of some force ; and, when in motion, it cannot be 
retarded or brought to rest without the opposition of force. 
Its inertia (like that of all other bodies) is also exactly pro- 
portional to it3 weight ; and, aa we have seen the latter to 
be very small compared with its bulk, a very small amount 
of force is sufficient to impart motion to a large bulk of air ; 
it obeys the laws of motion common to ponderable bodies, 
and its momentum, or amount of force which it is capable of 
exerting upon bodies opposed to it, is estimated in the same 
way as for solids, namely, by multiplying its weight by its 
velocity. The momentum of air may be illustrated by the 
following experiment : — Place three lighted tapers in a row 
at the distance of three inches apart ; then direct an un- 
loaded gun towards the centre taper at the distance of ten 
feet, and Bet in motion the small volume of air contained in 
the barrel, by discharging the percussion cap on the nipple, 
the flame of the centre taper will be blown out, without in 
the least degree disturbing the other two. Another excel- 
lent illustration of the momentum of air, and the facility 
with which a rotatory movement may be communicated to 
it, is derived from the phenomena of smoke or steam which 
render the motions of the air visible. When bubbles of 
phosphuretted hydrogen burst in a still atmosphere, each, 
one, as it bursts, produces a beantiful 
ring of smoke, expanding larger and Fig. 2. 

larger as it ascends. The whole cir- /^J^fpJ/VJVv 
enmi'erence of each circle is in a state ^ *" ^ ^^Mb} 

of rapid rotation, as shown by the 
arrows in Fig. 2 ; it being this rota- 
tion, in fact, which confines the smoke 
within its narrow limits, and causes 
the circles to be so well defined. The 
same phenomena may often be observed 
in the first puff from the chimney of a 
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manufactory or of a steam-boat, and also from the mouth 
of a skilful tobacco-smoker. In the firing of ordnance on 
a still day, these rings may be seen on a grand scale, and 
still more perfectly if the mouth of the cannon be greased 
and no shot employed. In fact, any force acting suddenly 
upon the air from a centre imparts to it a rotatory motion. 

The momentum of air is usefully employed as a mechanical 
force in imparting motion to 'windmills and ships ; but it 
occasionally exerts itself with fearful effect in those strong 
■winds or hurricanes which sometimes occur in the West 
India islands, where trees are torn up by the roots, buildings 
levelled to the ground, and where the sea is driven with irre- 
sistible fury over the desolated country. Such awful calamities 
are caused by the momentum of the air being greater than 
the force by which a tree clasps the earth or a building its 
foundation. 

7. Another consequence of the weight of air is its pres- 
sure. We have already seen that 100 cubic inches of air 
weigh about 31 grains. It is necessary, however, in order 
to obtain this result, that the experiment be performed at 
the level of the sea : it is further necessary that at the time 
of the experiment the barometer should stand at 30 inches 
and the thermometer at 60°. But, disregarding for the 
present these two last conditions, let us note the change 
arising from difference of level only. At the level of the 
sea the 100 cubic inches of air contained in the flask would 
weigh say 31 grains. , On taking this flask to the top of a 
mountain 20,000 feet high, the 100 cubic inches will have 
expanded to 200 : so that, if the flask be made of some 
elastic material, it will have expanded to twice its former 
size ; or, if the copper flask full of air have its stop-cock 
closed at the level of the sea, and opened at an elevation 
of 20,000 feet, exactly 100 cubic inches of air will rush 
out, leaving 100 cubic inches of air behind, of half its former 
density. The reason for this is, that at the height of nearly 
3-l miles we have more than half the atmosphere below us, and 
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the air of the flask has to bear only half the superincumbent 
pressure that it bore at the sea-level. Now it is a carious 
law, peculiar to gaseous matter, that its density is commonly 
proportional to the pressure that confines it, that is to say, 
by doubling this pressure we compress air into half its 
former bulk (as in the instance of a diving-bell under 
34 feet of water); and on the other hand, on removing 
half the ordinary pressure from air, it expands to twice 
its ordinary bulk ; so that there appears no limit to the 
space which any quantity, however small, would fill, if 
reueved of all pressure. We shall return to this important 
law presently ; but meanwhile it must not be supposed, 
because an elevation of 3-J miles leaves one-half of the atmo- 
sphere below us, that we should reach the limits of its exist- 
ence at double that height, or 7 miles. At that height 
(supposing it attainable) we should still have one-fourth of 
the atmosphere above us, and 100 cubic inches of air from 
the sea-level would expand into 400, becauso the upper parts 
of the atmosphere, having less weight to bear than the lower 
parts, expand into far greater bulk ; so that not under an 
elevation of 45 miles is the atmosphere supposed to be limited 
by the coast-line of eternal space. 

Thus the ae'rial ocean is not, like the Bea, of nearly the 
same density throughout its depth, but gets thinner and 
thinner from the bottom upwards, so much so that the first 
3}j miles above the earth's surface contain as much air as all 
the remaining 41 or 42 miles.* The oause for this is, that 
the air at the level of the sea has to bear the weight of the 
whole mass of atmosphere above it, which of course acts as a 
powerful mechanical force in increasing the density, and 
consequently the pressure of the lower strata. 

The pressure of the atmosphere at the sea-level can be 
estimated by a simple contrivance. Two hollow hemispheres 
of brass, Fig. 3, fitting together with smooth edges, are 
placed in contact ; the lower hemisphere is furnished with a 
* Seethediagram, Fig. 29 (57). 
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short tube opening into it, and this tube can 
be opened or closed at pleasure by means of 
a stop-cock. On screwing the tube into'an 
exhausting syringe, and placing the two hemi- 
spheres together, the air can be withdrawn 
from the hollow sphere thus formed, and on 
turning the stop-cock, before removing the 
apparatus from the syringe, the air is pre- 
vented from entering. A handle may now be 
screwed to the short tube, and if two persons 
pull in opposite directions, they will he unable 
to separate the hemispheres. On turning the 
stop-cock, however, the air rushes in, and the 
hemispheres fall asunder by their own weight. 

Now the force which binds these two hemispheres to- 
gether is the pressure of the atmosphere, which may easily 
be calculated by suspending them,' when exhausted, by the 
upper handle, and adding weights to the lower handle. 
Suppose the sphere to be 6 inches in diameter, its section 
through the centre will be about 29 square inches ; and, 
supposing the vacuum to he perfect, a weight of 420 lbs. will 
be required to separate the hemisj 
14i lbs., the amount of atmospher. 
inch of surface.* 

There are many other methods of proving the important 
fact, that the weight or pressure of the air is equal to be- 
tween 14 and 15 lbs. on every square inch of surface at the 
level of the sea ; or, in other words, a column of atmospheric 
ah.' one inch square, resting on any surface at the sea-level, 

* These hemispheres are called the Magdeburg hemispheres, and the 
experiment the Magdeburg experiment, from the place where Otto 
Gtiricke, one of the inventors of the air-pump, resided. In 1654 he had 
the honour of exhibiting (he Magdeburg experiment on a large scale, 
before the princes of the empire and the foreign ministers assembled at 
the diet of Ratisbon. The force of two teams, consisting of a dozen 
horses, pulling in opposite directions, was found insufficient to separate 
the hemispheres. 
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*e upon one square 
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and extending to the top of the atmosphere, -weighs between 
14 and 15 lbs. This ■will be more clearly seen when wo 
come to speak of the barometer ; but we may here antici- 
pate the surprise of the reader who approaches this subject 
for the first time. He may regard such 'results as these as 
scientific curiosities, in which he is in no way concerned ; 
but a moment's reflection will convince him that the same 
force which held the hollow hemispheres together, is present 
and active, as well for animals as for inorganic matter. If it 
can be proved that a column of air one inch square and 
about 45 miles high weighs about 15 lbs., it is evident that 
this pressure must be as true for a square yard, or a square 
mile of surface, as for a square inch ; the only difference is 
in extent ; for, if we wish to know the pressure on a square 
yard, or mile, we must calculate the number of square inches 
in such a surface, and multiply this number by 15, and the 
product will give the atmospheric pressure in pounds on the 
larger surface. But since we have seen that air is impene- 
trable, and that our bodies displace it, it must be evident 
that this pressure is also exerted on every part of the 
surface of our bodies, as well as of the earth on which 
the air rests ; for the pressure of a Jluid on any surface 
immersed in it is exactly equal, whether the surface be hori- 
zontal, vertical, overhanging, or even facing downwards like 
a ceiling.* We dwell on the floor of an ocean of air 45 miles 
deep, and are as much subject to its pressure, as the bodies 
of fishes, which inhabit the floor of the liquid ocean, are to the 
column of water above them. In order, therefore, to calculate 
the amount of atmospheric pressure on our bodies, we must 
ascertain the number of square inches on their surface, and 
multiply this number by 14-J, In this way it will be found, 
that the atmospheric pressure upon the body of a man of 
ordinary stature amounts to no less than 33,000 lbs., or 

* The demon strati nn of the proposition, that fluidity consists in the 
transmission of pressure in all directions, is given in Rudimentary 
Mechanics, Part III. 
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about 15 tons ! \Vhy, then, it may be asked, is be not 
crushed to death, instead of being entirely insensible of this 
enormous pressure i A few examples will explain this. 
There are many delicate and fragile animals which live at 
great depths in the sea, often from 2,000 to 3,000 feet below 
its surface. These creatures, therefore, have to sustain the 
pressure of a column of water of that height, a pressure of 
from 60 to 90 times greater than that of the atmosphere 
upon our bodies. Tet these animals are not crushed ; they 
move about with perfect ease, under circumstances still more 
surprising than those under which we live. And the reason is, 
that this hydrostatic pressure is equal on all sides ; the bodies 
of these animals are equally pressed above, below, and around, 
and the Quids within the animal are also either of similar 
density, or they are nearly incompressible, so that all these 
different pressures counterbalance each other. In the same 
manner the fluid atmosphere presses equally in all directions, 
and the human body immersed in it may be compared to a 
sponge plunged into deep water; it is not crushed, because 
the water fills the cavities of the sponge, and also surrounds 
it entirely. In like manner otrr bodies, and even our bones, 
are filled either with liquids capable of sustaining pressure, 
or with air of the same density as the external air, so that 
the outward is counteracted by the inward pressure. Now 
let us see what are the consequences of removing this pres- 
sure. Some fishes, which live at great depths in the sea, are 
provided with swimming-bladders, or little bags foil of air. 
On raising them to the surface, the water-pressure is re- 
moved, and the bladder expands to such a degree as to kill 
the creatures instantly. In like manner, if we were raised 
towards the surface of our aerial ocean, our bodies would 
swell, and probably burst. We become painfully sensible 
of a partial effect of this kind, by removing the external 
pressure from a portion of the skin, as in the operation of 
cupping. The cupper drives out the greater portion of the 
air from the cupping-glass, by holding it over the flame of a 
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spirit-lamp, and then suddenly claps the glass on the skin, which 
has been previously cut by a number of small lancets. The 
cup adheres by the pressure of the air on the outside, while 
the flesh beneath the glass, being relieved from pressure, 
expands, and forms a projection -within the cup. The blood- 
vessels beneath the incised portion of the skin, being also 
relieved from pressure, discharge their contents into the 
rarefied space formed in the cup. 

The pressure of the atmosphere may be illustrated by the 
following simple experiment : — Fill a glass of water to the 
brim ; cover it with a piece of paper ; press the paper to the 
edge of the glass with the flat surface of the left hand, while 
with the right hand the glass is to be suddenly inverted. 
The left hand can then be removed, and, provided the paper 
be kept in a horizontal position, the water will be supported 
in the glass by the pressure of the air against the paper. A 
glass phial, with a narrow neck, may be filled with water and 
inverted, and the water will not escape, because its adhesion 
to the sides of the neck, and the pressure of the atmosphere, 
sustain the liquid column. If this adhesion be overcome by 
shaking the bottle, or inclining it on one side, bubbles of air 
will pass up on one side, while equal quantities of water 
escape on the other. In beer-casks, ifcc., a vent-hole is pro- 
vided at the top, to allow the air to enter in proportion as 
the liquid is drawn off below.* In the wine districts of 
; Trance an ingenious little instrument, entitled a tate-mn, or 
wine-taster, Fig. 4, is used for taking out a small portion of 
wine from a cask. It consists of a tube of tinned iron, of 
which the transverse dimensions increase gradually from the 
top to near the bottom, which terminates in an inverted 
cone, the point of which is open : there is also a small 
circular opening at the top. Now, on holding this tube 

* In those cases where the beer escapes freely without opening the vent- 
peg, h quantity of carbonic acid has accumulated at the top of the liquid, 
and being under pressure, its elastic spring acts upon the liquid, aud 
forces it out when the tap is opened. 



Digitized 0/ Google 



EIABTCCITY OP AIR. 

by the handle, and passing it into a cask of wine, 
through the bunghole, wine -will enter by the 
lower hole, until it attains the same level in the 
tube as in the cask, and in doing so it will drive 
the air out through the hole at the top. On 
taking the tube out of the cask, the wine will 
now back again from the lower hole, and the air 
•will re-enter by the top hole ; but if the thumb 
be placed over the top hole, the air cannot re- 
enter, and consequently the wine cannot escape 
from the point at the bottom. The moment the 
thumb is removed, the wine begins to flow, and 
in thia way a small wine-glass may be filled with- 
out wasting a single drop. The little glass 
instrument called a pipette, so useful in the laboratory, acts 
on the same principle. 

8. We have thus far illustrated certain properties which 
air enjoys in common with solids, namely, impenetrability, 
weight, inertia, momentum,, and Jiuid pressure in all direc- 
tions. "We have also slightly noticed its compressibility, and 
its elasticity when compressed. This last property requires 
a more extended notice, for, although common to all matter, 
it is so much more obvious in airs and gases as to be some- 
times regarded as their distinguishing feature, and to gain 
for them the somewhat ambiguous title of elastic fluids. 

Airs and gases are so different in structure from solids 
and liquids, that it seems difficult to suppose them to be 
regulated by the same mechanical laws. The atoms or par- 
ticles of solids are held together by an attractive force called 
cohesion, which differs in different solids, as is evident from 
the various degrees of force required to crush or grind them 
to powder. In liquids the attraction of cohesion is so weak, 
that the particles glide over each other with the greatest 
ease, and instantly mould themselves to the form of the 
vessel in which they may be contained. Thus they would 
appear to have no cohesive force ; but that they have some 
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is evident by the coherence of every drop of water. In airs, 
gases, and vapours, however, this cohesive attraction is alto- 
gether absent. The gaseous particles not only have no cohe- 
sive attraction, bat, on the contrary, a powerful repulsion, 
whereby they are constantly endeavouring to separate them- 
selves as far as possible from each other. It is this repulsive 
force which constitutes the elasticity of aeriform bodies, of 
which we have now to speak. 

A thin fragile vessel of any size is not crushed by the 
pressure of the atmosphere, on account of its perfect equa- 
bility, the external pressure being exactly counterbalanced 
by the internal We have only to remove one of these 
pressures, and we shall witness the energy with which either 
of these forces acts when unrestrained by the other. If the 
neck of a square glass vessel be screwed into an exhausting 
syringe, and the internal air removed, it will be crushed 
into small fragments by the external atmospheric pressure. 
So, on the contrary, if a similar vessel be carefully closed at 
the neck and placed under the receiver of an air-pump, on 
removing the external pressure the vessel will be blown to 
pieces by the pressure or elastic force of the air inclosed 
within the vessel. 

We see, from this last experiment, that a portion of air 
cut off from all communication with the atmosphere still 
exerts a pressure in all directions against the side3 of the 
vessel containing it, and it can be proved that this internal 
pressure is exactly equal to the pressure which an equal 
surface undergoes from the weight of the external atmo- 
sphere. But this internal pressure cannot arise from the 
weight of the included air (for this is only a few grains) ; it 
must therefore arise from its elasticity, or expansive force ; 
that is to say, the force with which it tends to expand to its 
natural bulk, or that bulk which it would occupy if subject 
to no pressure ; if, for 'example, it were removed to the top 
of the atmosphere. p 

9. The elasticity of air and the law by which it is regu- 
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lated, can be very well illustrated by means 
of a long bent glass tube, Fig. 5, open at its 
longer extremity, and furnished with a stop- 
cook at the shorter. The stop-cook being 
open, a quantity of mercury is poured into the 
open end. The surfaces of the mercury A a 
will of course stand at'the same level in both 
legs. The two columns of air, A c and a r, 
sustain a pressure equal to the weight of a 
column of air continued from A and a to the 
top of the atmosphere. If we now close tho 
stop-cock tj, the effect of the weight of the 
whole atmosphere above that point is cut off, 
so that the surface a can sustain no pressure 
arising from the weight of tho atmosphere. 
Still the level of the mercury remains the 
same, because the elasticity of the column of 
air a d is precisely equal to the weight of the 
whole column before this small length was 
cut off The surface A is still pressed by the 
whole atmospheric column, and thus we see 
that these two different properties of the 
atmosphere, its elasticity and its weig/tt, exactly 
counterbalance each other. 

Now we know that the atmospheric pres- 
sure under ordinary circumstances is equal to 
14£ lbs. on the square inch, or to a column of n 
inches high. It is evident, therefore, that the atmospheric 
pressure acting on A is the same as would be produced by a 
column of mercury 30 inches high resting on the surface a. 
So also, the force with which the air confined in a d presses 
by its elasticity on the surface a is also equal to a column 
of mercury 30 inches high. The t pressure of the atmosphere 
acting on the surface A is transmitted by the mercury to tho 
surface a, and balances the elastic force of the isolated 
column a d, 

c2 
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If we now pour an additional quantity of mercury into 
the open end of the tube at c, an increased pressure, arising 
from the weight of the metal, will he transmitted to the 
surface a, and will prevail over the elasticity of the confined 
air ; the surface a will therefore rise towards u, compressing 
the air into smaller space. On continuing to pour in 
mercury until the surface a rise to b, or half-way between a 
and D, that is, until the confined air is compressed into 
exactly half its former limits, it will be found, on drawing a 
horizontal line from the surface b to the opposite point 6' in 
the longer limb, that the column of mercury 6' B measures 
exactly 30 inches, the weight of which is equal to the atmo- 
spheric pressure. The force with which the surface b is 
pressed upwards towards d is, therefore, equal to two atmo- 
spheres, or double the force with which a was pressed 
upwards towards d. Hence it appears that the elasticity of 
the confined column of air 6 D, is double its former elasticity 
when filling the space a j>, so that when the air is oom- 
pressed into half its volume ita elasticity is doubled. If we 
again pour mercury into the tube at C, until the air inclosed 
in the shorter limb be reduced to a third of its bulk, as at 
c d, the compressing force will he equal to three times the 
atmospheric pressure. The height of the compressing 
column of mercury would reach to 0, namely 60 inches 
above the level ft If we still add mercury until the column 
rise to the height of 90 inches above its level in the short 
limb, the elastic force of the confined air would be four times 
greater than at first, and it would be compressed to the 
bulk of one-fourth of its original volume. 

It appears, then, that the elastic force of air varies in 
exactly the same proportion as Us density; and this simple 
and important law, which is called, after its discoverer, the 
law of Mariotte, applies not only to air, but to ail gaseous 
bodies when subject to such variations of pressure as can be 
readily commanded. Air has been allowed to expand into 
more than 2,000 times its usual bulk, and it would have 
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expanded still more if a greater space had been allowed. 
Air has also been compressed into leas than a thousandth of 
its usual bulk, so as to become denser than water ; but its 
elasticity has not been exactly determined at these extreme 
degrees, either of condensation or rarefaction ; so that we 
have no proof that the law of Mariotte applies so exten- 
sively. On the contrary, recent experiments on the com- 
pression of gases render it nearly certain that they all vary 
from this law when subject to very great pressure, their 
density being increased in a greater ratio than their elas- 
ticity ; this variation, however, is less in air than in most 
other gaseous bodies, and the simple law is found to apply to 
it very accurately when condensed as much as 50 times, and 
also when allowed to expand to several times its usual balk, 
10. The principle of those useful instruments, the ex- 
hausting syringe and the air-pump, depends upon the elas- 
ticity of the air. The exhausting syringe, 
Fig. 6, consists of a cylinder of brass or 
some other metal, with a piston or plug 
accurately fitting it. The lower part of 
the cylinder contains two valves or little 
doors, the one opening upwards into the 
cylinder, and the other at the side, out into 
the air. The vessel to be exhausted is 
screwed into a short tube projecting from 
the . cylinder. This vessel most ho fur- 
nished with a stop-cock, to prevent the air 
from re-entering after the exhaustion is 
complete. Now, suppose the vessel to be 
screwed into the short tube, its stop-cock 
open, and the piston at the bottom of the 
cylinder. Supposing we drew up the 
piston instantaneously, or in no time, a 
vacuwn or empty space must evidently be 
left between the bottom of the cylinder and 
the piston. Consequently the air in the vessel, being no 
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longer counterbalanced by the atmospheric pressure, expands 
by its elasticity, forces open tbe valve a, and fills the empty 
space below the piston. "When the piston is drawn pro- 
gressively to the top of the cylinder, no vacuum is formed, 
the air from the vessel expanding and following it all the 
way. After this the piston is forcibly driven down again, 
whereby the valve a is closed, and b is opened ; the whole of 
the air in the cylinder is thus driven out through b, and 
■when the piston is at the bottom of the cylinder matters are 
in the same state as at the commencement of the operation, 
except that the air in the vessel is much less dense and 
elastic than before. On drawing up the piston a second 
time, the external air cannot enter through 6, because this- 
valve opens outwards, and the atmospheric pressure upon it 
from without only serves to close it more securely. The 
valve a, however, is immediately forced open a second time 
by the remaining air in the vessel, which again fills the 
empty space that would otherwise bo left by the drawing up 
of the piston a second time. The piston is again depressed, 
the valve a is again closed, and the air in the cylinder again 
forced out through b; and in this way the action is carried 
on until the air in the vessel has too little elasticity to open 
the valve a. The exhamtum is then said to be complete. 

Now it is evident that a perfect vacuum, or empty space, 
cannot be formed in the vessel by this contrivance. A small' 
portion of air must always be left in the vessel. If the cylin- 
der be of the same capacity as the vessel, and the weight and 
friction of the valve be regarded as nothing, one-half of the 
air will pass out of the vessel by the first stroke of the pis- 
ton ; that is, on raising the piston to the top of the cylinder, 
and then depressing it again to the bottom, the vessel will 
be deprived of exactly half of its contents ; the rema ining 
half will still completely fill the vessel, but its atoms or par- 
ticles will be farther apart, its density will be diminished 
one-half, and, consequently, its elasticity will be diminished 
in the same proportion. The second stroke of the piston. 
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will again diminish the air in the vessel by one-half ; that is, 
the air left after the second stroke will be one-fourth of its 
former density and elasticity. "We may carry out these re- 
sults to greater length, by collecting them in a tabular form. 
The quantity of air in the vessel before the first stroke is to 
be regarded as unity. 

Left in* 

Stroke. Goes oat. vessel. Elutia force of the remainder. 

-half of 1 i 15 inches of mercury, or 7'35 lbs. per sq. in 

■L 7i inrhex nf iwrninr. nr 3"675 do. 



r 1-837 
r 'SIS 
■459 



do. 



ie-halfof £ = i 7£ inches of mercury, 

3rd, one-half of -J = $ 3$ inches of mercury, 

4th, one-half of i "= tV 1 '875 ins. of mercury, „, 

5 th, one-half of — ^ 0'9375in. of mercury, o 

6th, one-halfof^ n -fa 0'4687b. ofmercury, or -229 do. 

7th, one-half of & •= ^ 0-2344 in. of mercury, or -114 do. 

8th, one-half of yjj" ^ 0il72in. of mercury, or *057 do. 

9th, one-half of a -J 0 — 0-0586 in. of mercury, or -028 do. 

Thus, after the ninth stroke, the remaining air will only 
be rbs th - of its 

original quantity; Kif- ? 

and, as it still oc- 
cupies the same 
space, it has only 
^th the density 
and elastic force, 
which is equal to 
a pressure of only 
0-028 lbs. to the 
square inch, which 
would scarcely be 
sufficient to raise 
the valve. 

11. The air- 
pump, Kg. 7, is 
nothing more than 
a duplication of 
the exhausting 
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syringe, with this difference, that the valve through which 
air is forced out of the cylinder, is not placed as at 6, Fig. 6, 
but in the piston or plug itself Two of these syringes, a 6, 
or barrels, as they are called, are arranged side by side, and the 
motion given to their pistons is so managed (in experimental 
machines by a toothed wheel and racked piston-rods) that, 
while one piston is ascending and drawing out the air, the 
other is descending and expelling the air already drawn out of 
the vessel to be exhausted. Each barrel is furnished with a 
valve at the bottom, opening upwards, so that, during the 
ascent of either piston, the air below the valve forces it open 
and fills the barrel. During the descent of either piston this 
valve is of course closed, and another valve, situated in the 
piston itself and opening upwards, allows the escape of the 
air between the bottom of the barrel and the piston. In 
pneumatic experiments the vessel to be exhausted, k, is called 
a receiver; it is made of stout glass, its edge is ground fiat, 
and smeared over with pomatum before it is placed on the 
metal plate t, called the table of the air-pump. By this 
means the receiver is brought into air-tight contact with the 
table, and forms a transparent chamber, in which any sub- 
stance or arrangement of apparatus previously placed, may- 
be observed under any amount of rarefaction that may be 
given to the inclosed air. The table is perforated at its 
centre with a hole, which communicates by a bent metal 
tube c, with the barrels a b. This tube is furnished with a 
stop-cock, which, being closed, -prevents any leakage of air 
into the receiver from the barrels, and, when open, allows 
them to act upon the inclosed air. The air is readmitted 
into the receiver by a perforation into the bent metal tube 
at k. This hole is closed by a thumb-screw, made air-tight 
by a washer of leather. One extremity of a bent glass tube 
d opens into the metal tube c, while the other extremity 
dips into a cistern of mercury. This tube, which is more 
than 30 inches in length, acts as a gauge, and indicates, by 
the ascent of the mercury within it, the amount of rarefao- 
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turn in the receiver ; because, as the rarefaction proceeds in 
the receiver, the elastic forco of the air pressing upon the 
mercury in the gauge-tube is diminished. Indeed, with the 
first stroke of the pump, it immediately becomes leas than 
the pressure of the external atmosphere on the surface of the 
mercury in the cistern : consequently, this external pressure 
prevails, and forces mercury up to a certain height in the 
gauge-tube. As the rarefaction of the air in the receiver 
proceeds, its elastic force is diminished, the atmospheric pres- 
sure acts with increased effect, and the mercury rises higher 
and higher in the tube. The weight of the column of mer- 
cury thus raised, combined with the elastic pressure of the 
air remaining in the receiver, is equal to the atmospheric 
pressure, and it is evident tbat the elastic force of the air in 
the receiver must be equal to the excess of the atmospheric 
pressure above the weight of the column of mercury in the 
tube. If a common barometer hanging up in the room 
stand at 30 inches, and the mercury in the gauge at 20 
inches, the pressure of the air in the receiver is equal to 10 
inches of mercury, or one-third of that of the external at- 
mosphere. The density of the air in the receiver is also one- 
third of that of the external air, showing that two-thirds of 
the air have been removed. 

12. In the foregoing description of the air-pump we 
have omitted details, which, although they make it a more 
efficient instrument in the hands of the man of science, do 
not affect its principle. In the best air-pumps the valves at 
the bottom of the barrels are not opened by the elastic force 
of the air in the receiver, but by a mechanical contrivance 
working in the piston-rods. In the French air-pumps exhi- 
bited in the Great Exhibition the barrels were of glass, so 
that the working of the valves could be shown, and their 
condition at all times be ascertained at a glance. In New- 
man's air-pump the table was formed of a stout slab of glass, 
instead of metal as heretofore. In Siemin's air-pump (Fig. 8) 
the two cylinders or barrels differ in size and arrangement. 
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The smaller barrel is applied either to the bottom or top of 
the larger, -while the valved pistons belonging to each are 
attached to one and the same piston-rod. The air with- 
drawn from the receiver is condensed in the lower cylinder 
to one-fourth part of its original volume, and thus has suffi- 
cient elasticity to pass through the disc barging- valve and 
escape, the opposing pressure of the atmosphere on that valve 
being thus counteracted from within. In fig. 8, a is the 
exhausting cylinder, b the second 
cylinder, equal in length to the 
first, and fixed to its lower part, 
but having only one-third or one- 
fourth of its sectional area, and 
consequently one-third or one- 
fourth of its cubical contents. The 
cylinders are separated by a plate 
forming at once the bottom of the 
upper and the top of the lower 
cylinder, the only air-passage be- 
tween them being a silk valve 1/. 
In each cylinder works a valved 
piston, F and p, attached to a 
piston-rod common to both, and 
passing through a stuffing-box in 
the plate. The distance between 
the pistons is such, that when p 
is in contact with the top of the 
upper or exhausting cylinder A, 
p is in contact with the top of the 
smaller or lower cylinder ; and 
when p is in contact with the bottom of the large cylinder, 
p is in contact with that of the small cylinder. The table, or 
pump-plate E, placed above the large cylinder A, supports 
the receiver a, or other vessel to be exhausted, from which, 
the air flows through the valve v, during the descent of the 
piston. The motion of the pistons is effected by means of a> 
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short crank ■with a jointed connecting-rod, converting the 
circular motion given by the lever handle into a vertical one, 
which is maintained by means of a cross-head, with rollers 
working between guides. The action of the pump is as 
follows : — The descent of the piston p tends to produce a 
vacuum in the exhausting cylinder a, by causing a difference 
of pressure above and below the first valve v, in the top of 
A, so that the elasticity of the air in the receiver causes it to 
pass through the valve v. At the same time the air below 
P is pressed through the valve v', in the plate which separ- 
rates the cylinders, and enters B, in which a vacancy is simul- 
taneously made for it by the descent of the piston p; and in 
consequence of the difference of capacity of the two cylinders, 
it becomes reduced to one-fourth of its original bulk, its elas- 
ticity being proportionally increased. The air contained in 
the small cylinder below the piston p, will in like manner 
be pressed through the valves if", into the external 
atmosphere. During the ascent of the pistons, the valves 
v', i/', v'", will be closed, and v to opened by the upward 
pressure of the air in the cylinders, and also by the atmo- 
sphere, thus allowing the air in each cylinder to pass through 
the pistons aw they rise, in order that in the following" down- 
ward movement the air, which during the previous stroko 
of the pump issued from the receiver into the exhausting 
cylinder, may be withdrawn from that into the lower cylin- 
der, while the air condensed in the latter may be finally ex- 
pelled into the atmosphere. 

Mr. Siemins states that the ordinary air-pump cannot be 
made to remove more than -fifo of the air from the receiver. 
" Let us suppose," he says, " that in the new air-pump the 
piston p leaves of the air in the exhausting cylinder a, 
♦ undisplaced, and that the piston p cannot he brought within 
i-J-ijth part of the length of Btroke of the top or bottom 
of the smaller cylinder, the working having been continued 
until no further exhaustion is effected. At this period the 
piston p will -leave in the cylinder B during the downward 

D 
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stroke -j-^ of its bulk of air of the atmospheric density 
unexhausted ; if it be raised again, this portion of air -will 
expand and fill the cylinder B -with air, the density of which 
will be only T ^ that of the atmosphere. The piston p will, 
at the same time, ascend to the top of the exhausting 
cylinder A, filled with air of the same density as that re- 
maining in the receiver ; but the exhaustion having reached 
its utmost limit, during the next downward stroke no air 
will be discharged from cylinder a into cylinder B ; the air 
above the piston in the latter will, at the termination of this 
stroke, have expanded 100 times, and having previously 
expanded to an equal amount during the upward stroke, it 
will now he reduced to the density T that of the atmo- 
sphere. If no force were required to open the valve v', air 
would, in this state of things, pass from tho upper into the 
lower cylinder, unless that in the former, a hundred times 
compressed as it would be at the end of the downward 
stroke, were not still rarefied 10,000 times ; or what is the 
same thing, if it were not, when it filled the cylinder A, one 
million times rarefied. We find, therefore, that by the 
addition of the second cylinder, the vacuum may be rendered 
10,000 times more perfect than if the cylinder A had been 
employed alone in the manner of an ordinary air-pump."* 

13. From the air-pump we pass to the common houseliold 
or suction pump, as it is sometimes called. The term 
auction is still applied to several operations and instruments 
"of the pump kind. This term is an unfortunate one, and 
requires to be explained away. When we place one end of 
a straw in the mouth, and the other end in water, and are 
said to suck up the liquid, we do no such thing. We merely 
draw into the mouth the portion of air confined in the tube, 
and then the pressure of the air which is exerted on the surface • 
of the liquid, being no longer balanced by the elasticity of 
* " Description of an Improved Air-pump, applicable to Philosophical 
and Manufacturing Purposes, invented and patented by C. W. Siemins." 
Messrs. Kuight, of Foster- lane, Cheapsidc, London, manufacture these 
pumps, and sell them at £2\ each. The eibausting cylinder is 3 inches 
in diameter* 
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the air in the tube, forces the liquid up into the mouth. If 
the straw were gradually increased in length, without in- 
creasing its whole capacity, we should find a certain length 
at which (however small the tube) we should not be able to 
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using the mouth as an air-pump in withdrawing the 
air from the tube by enlarging the cavity of the mouth 
or lungs. In a boy's squirt, Fig. 9, the same principle 
is in operation. This simple but ingenious little in- 
strument consists of a metal cylinder drawn at one 
end into a point, and furnished with a plug or piston. 
On introducing the point into water and drawing Tip 
the plug, a vacuum would be formed below it, did not 
the water rise and fill it by atmospheric pressure. 

14. A similar but somewhat more complicated process is 
carried on in the common household pump. A long pipe 
A B, Fig. 10, dips at one end into the water of a well w, the 
other end is furnished with a valve e. Above this pipe 
is another and wider pipe c, called the barrel, containing 
a plug or piston p, furnished with a valve v', in the centre ; 
both these valves open upwards. The piston is worked up 
and down by means of a lever called a brake. There are, 
however, various ways of working the piston, which c£ course 
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do not affect the principle of the Fig- 10. 

pump. At the commencement of the 
operation of pumping, the -water in 
the well and in the pipe a b stands at 
the same level. On raising the piston, a 
vacuum would be formed below it ; but 
the air in a b by its elasticity raises the 
■valve v and fills the barrel. This in- 
creased expansion of the air in a b di- 
minishes its elasticity, so that water 
is forced up into a b to a certain height 
by the atmospheric pressure on the ex- 
posed suriace of the water in the well. 
On depressing the piston, the valve v is 
closed and the valve v' forced open (as in 
I"ig. 10, 2), through which the air be- 
tween v and the bottom of the piston 
escapes. On raising the piston a second 
time, more air rushes from a b, and the 
column of water in the pipe rises higher. 
In this way by alternately raising and 
depressing the piston, all the air is drawn 
out of the pipe, and the column of water 
rises up .to the valve v. On again 
raising the piston, water instead of air now opens the 
valve v, and rushes into the barrel, and, on lowering the 
piston, the water closes this valve v, thereby preventing it 
from again flowing back into the well. At the same time 
the water forces open the valve v', and streams through it, 
no that water is now both above and below the piston. On 
continuing the action, the water rises higher and higher 
above the piston, until it reaches the spout s, where it is 
discharged. 

Now it is quite evident that the length of the pipe A b 
must have a limit ; since the atmosphere by its pressure is 
capable of supporting a column of mercury 30 inches highj 
and as the specific gravity of water ia about 13^ times less 
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than that of mercury, it follows that a force which can sus- 
tain 30 inches of the heavier fluid will sustain a column of 
the lighter fluid 13^ times greater in height, or about 405 
inches, or 3£ feet, instead of 30 inches. But as the baro- 
metric column in this country oscillates between 28 and 31 
inches in height, it follows that a column of water supported 
by the atmosphere must also be subject to a proportional 
■variation. Besides, as the mechanism of a common pump is 
by no means exact, some allowance must bo made for its 
imperfections. Hence the length of the pipe a b ought 
never to exceed 30 feet above the level of the water in the 
i well. It was the lucky accident of erecting a pump over a 
deep well at Florence that led to the discovery of the baro- 
meter and the pressure of the atmosphere, as already nar- 
rated in a companion treatise.* 

15. When it is desired to raise water to a great height, 
advantage is taken of the elas- 
ticity of a confined portion of 
air condensed into a smaller 
space than it usually occupies 
under atmospheric pressure. 
Such is tfte ffe-engine, the 
principle of which will be 
understood from the section 
shown in Fig. 11. n is the pipe, 
or hose, which is prolonged 
to the plug, or water-pipe, 
whence the supply of water 
is obtained. This pipe H com- 
municates with two valves v v, 
which open into the pump-bar- 
rels of two forcing-pumps aa,+ 
containing solid pistons pp. The piston-rods of these are 

* See Introduction to the Study of Natural Philosophy ; new edition 

t /■ e., pumpa like the exhaiuting tyringt, first described (10), instead 
of the air-pump (1!) and common muter -pump just mentioned. 
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connected with a ■working beam so arranged as to be worked 
by a number of persona on each side. From tbe sides of the 
pump-barrels above the valves V V proceed force-pipes which 
communicate with an air-chamber c by means of valves v' V 7 
opening upwards into it. Through the top of the air- 
chamber descends nearly to its bottom a pipe e, to the upper 
part of which is attached the nose or jet used for directing a 
stream of water on the fire. By the alternate action of the 
' pistons p p, water is drawn through the valves V V, and 
propelled through the forcing-valves V v', precisely as took 
place with the air in Fig. 10, and when the surface of the 
water rises above the lower mouth of the pipe e, the air in ■ 
the air-chamber C i3 confined above the water ; and as the 
water accumulates in the air-chamber, the inclosed air is 
compressed, and acts with increased elastic force on the sur- 
face of the water, thereby forcing a column of water into 
the pipe e, and out through the hose and jet attached to 
it, with a force depending partly on the degree of con- 
densation, and partly on the elevation of the extremity 
of the hose above the level of the engine. The pressure of 
the condensed air has first to support a col umn of water, 
whose height is equal to the level of the %nd of the tube 
above the level of the water in the air-chamber ; and until 
the pressure of the condensed air exceeds what is necessaiy 
for this purpose, no water can spout from the end of the 
hose ; and, secondly, the force of the jet will be proportional 
to the excess of the pressure of the condensed air above the 
weight of the column of water, whose height is equal to the, 
elevation of the end of the hose above the level of the water 
in the air-vessel. When the air in the air-chamber is con- 
densed into half its original bulk, it will act upon the 
surface of tlie water with double the atmospheric pressure ; 
while the water in tho force pipe being subject to only one 
atmospheric pressure, there will be an unresisted upward 
force equal to one atmosphere which sustains the column of 
water in the tube ; consequently, a column will be sustained 
or projected to the height of 34 feet. "When the air is 
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reduced to -|rd of its original bulk, the height of the jet will 
be 68 feet ; and bo on. 

1G. The siphon is not a pump, but a bent tube so con- 
trived as to convey liquids from one vessel to another at a 
lower level, by raising them first above their natural level 
in the first vessel. In Fig. 12, the siphon, or bent tube 
ABC, has its shorter leg a b immersed in the liquid 
which is to be transferred from the vessel pig. 12. 
q to el At the commencement of the 
operation, the shorter leg is immersed in 
the vessel t>, and the air removed from the 
tube by applying the mouth to the extre- 
mity C of the longer limb, or the end c 
may be closed and the air sucked out 
through an opening at the top of the bend, 
which is afterwards closed ; or, lastly, the 
siphon may be held with its ends up- 
wards, filled with liquid, the ends closed, 
turned downwards, and the shorter im- 
mersed in d. But in any case, however 
the siphon may be filled, as soon as this is done, the atmo- 
spheric pressure on the surface of the liquid in d forces the 
liquid up the tube towards the highest point B, and if this 
point be not at a greater height than about 32 feet if water 
be employed in d, and not more than 30 inches if the vessel 
contain mercury, the fluid will pass beyond the highest 
point b, and fill the whole of the tube to C. The vessel e 
can then be placed under the open end C, and the whole of 
the liquid in d situated above the open end a will be 
transferred into E. 

The reader will understand why one limb of the siphon 
must be longer than the other by considering that, when the 
instrument is left to itself, the atmospheric pressure is acting 
as much at one extremity of the siphon as at the other. JS, 
when the liquid column is raised to b, the mouth be with- 
drawn from c, the column will /all back into the vessel D. 
It will do the same if we get the liquid no further than F, 
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which is the level of the liquid in d, because at that point 
the upward pressure of the atmosphere prevails over the 
downward pressure of the liquid ; but beyond that point, in 
the direction f c, the downward pressure of the liquid pre- 
vails over the upward pressure of the atmosphere, and the 
liquid will flow out. Thus the motion of the fluid is, as 
Mr. Webster remarks, similar to the motion of a chain 
hanging over a pulley. If the two parts of the chain* be 
equal, the fluid remains at rest ; and if one end be longer 
than the other, it moves in the direction of the longer end. 
Fresh links, so to speak, are added continuously to the fluid 
chain by the atmospheric pressure on the surface of the fluid, 
bo that the chain being continuous, the motion is continuous 
also, and does not cease till one portion of the chain becomes 
equal to or less than the other. 

A stream of water descending through the air tapers 
downwards, and at a certain depth divides into drops, be- 
cause each particle falls with accelerated velocity, and at 
length, when it has overcome their cohesion, leaves the 
other particles behind it. But when the stream is enclosed 
in a .tube, this separation of its parts is prevented by the 
atmospheric pressure above and below keeping them together 
and forcing the whole stream to flow with equal velocity ; 
the lower part dragging the upper after it, while the upper, 
by its inertia, equally retards the lower, bo that they move 
together with the mean of their natural velocities ; and the 
discharge is, of course, more rapid than if there were no 
tube, and will be faster tho longer the tube. Now, as the 
same is true of a stream of light fluid ascending through a 
heavier, this explains why the draught of a furnace depends 
on tho height of the chimney. 

17. The elasticity of the air is taken advantage of in 
applying it as a stuffing material for cushions, pillows, and 
beds. A textile fabric is rendered air-tight by the applica- 
tion of a solution of India-rubber, and when made up into 
the required form, the seams are rendered tight by means of 
the same substance. At one corner is a short tube, fitted 
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■with a screw, by loosening which the bag can be distended, 
and by tightening it the air is prevented from escaping. If 
too much air be introduced, the cushion becomes too hard, 
but when moderately ^ distended, it forms a tolerably soft 
surface ; when not in use, the air can be let out and the 
cover folded up into a small space. The principal objection 
to its use arises from its great heat ; air being a bad con- 
ductor of heat. The enclosed air, when made warm by the 
heat of the body, retains its warmth, and produces an un- 
pleasant sensation of dry heat to the part which rests 
upon it. 

18. The action of the air-gun also depends upon the 
elasticity of condensed air. The exhausting syringe, Fig. 13, 
may also be used as a condensing syringe. If the vessel be 
removed from the end of the syringe, and screwed into the 
short tube b at the side, it will be evident that on drawing 
the piston to the top of the cylinder, air will rush through 
the valve a and fill it. On depressing the piston, the valve a 
will close and the valve b will open, so 
that the air contained in the cylinder will 13- 
be forced into the vessel through the valve 
6, and if the vessel be strong enough, 
it will accommodate this increased quan- 
tity of air without bursting. On again 
raising the piston to the top of the cy- 
linder, a fresh supply of air will fill it, and 
on again depressing the piston, an addi- 
tional quantity will be forced into the 
vessel. Each succeeding descent of the 
piston will, however, become more dim- 
cult, for the air contained in the cylinder 
will not force open the valve b, until it is 
more compressed than the air within the 
vessel which presses up against the valve b. 
On closing the stop-cock, and removing 
the vessel from the syringe, we have a 
volume of condensed air, which will rush 
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out 'with great force the moment the stop-cock is opened, and 
thi3 force has been used for projecting balls, or other missiles. 

In the air-gun the vessel for containing the condensed air, 
is a strong metal ball, furnished with a small hole and a 
valve opening inwards. This ball is screwed to a barrel 
containing a bullet, when, upon turning a cock, and opening 
a communication between the condensed air and the bullet, 
the latter will be projected forward with a greater or4eas 
velocity, according to the state of condensation and the 
weight of the bullet. In air-guns the reservoir of condensed 
air is usually very large in proportion to the tube which 
contains the ball, so that its elastic force is not greatly 
diminished by expanding through it, and the ball is urged 
all the way by nearly the same uniform force as at the first 
instant. The elastic fluid arising from inflamed gunpowder, 
on the contrary, is very small in proportion to the barrel of 
the gun, and occupies only a very small portion of it next 
the butt-end ; so that, by dilating into a comparatively 
large space as it urges the ball along the barrel, its 
elastic force is proportionally weakened, and it acts always 
less and less on the ball in the barrel. " Whence it hap- 
pens that air condensed into a pretty large machine only 
ten limes, will project its ball with a velocity but little 
inferior to that given by gunpowder ; and if the valve of 
cjnmiunication bo suddenly shut again by a spring, after 
opening it to let some air escape, then the same charge may 
serve to impel several balls in succession. In all cases where 
a considerable force i3 required, and consequently a great 
condensation of air, it will be requisite*to have the condens- 
ing syringe of a small bore, perhaps not more than half an 
inch in diameter ; otherwise the force requisite to produce 
the compression will become so great that the operator can- 
not work the machine ; for as the pressure against every 
square inch is about 15 lbs., and against every circular area 
of an inch diameter 12 lbs., if the syringe be an inch in 
diameter, it .will require a force of as many times 12 lbs. as 
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the density of the air in the receiver exceeds that of the 
common atmosphere ; so that when the condensation is ten 
times, the force required will be 120 lbs ; whereas, with a 
half-inch bom, it will only amount to 30 lbs."* 

There are various forms of air-gun. but perhaps the best 
is Martin's. It consists of a lock, stock, ban-el, ramrod, &c, 
of about the size and weight of a common fowling-piece ; 
under the lock is screwed on a hollow copper ball, perfectly 
air-tight. This ball is charged with condensed air by means 
of the condensing syringe. When the ball is charged and 
screwed on, a bullet is rammed down in the barrel: if the 
trigger be then pulled, a pin in the lock will, by the spring- 
work within, strike into the copper bail, and by suddenly 
pushing in the valve within it, let out a portion of the 
condensed air, which, rushing up through the aperture of 
tho lock, and forcibly striking on the bullet, will propel it to 
the distance of CO or 70 yards, or further, if the air be 
strongly condensed. The gun may in this way be dis- 
charged many times before the condensed 'air will have lost 
its propelling power.t 

19. As the barometer is by far the most important 
instrument connected with Pneumatics, it is necessary to 
describe its construction somewhat minutely, and to state at 
some length the amount of information which is to be 
derived from it.J 

* Encyclopedia Metro poli tans, art. Pneumatics. 

t The first notice of tha modem air-gun is in the Elcmcns d'Artillerie 
of David Rivaut, who was preceptor to Louis XIII. of France. He 
ascribes the invention to Marin of Lisicm, who pp.' sen ted one to Henry IV. 
It appears, however, that Ctesibins, an Alexandrian Greek, who lived 
b.c. 150 — 120, applied the elasticity of the air to the ton struct ion of 
taind-guns; but in these machines the ball was not immediately exposed to 
the action of the air, but was impelled by the longer arm of a lever, while 
the air acted on the shorter. The air-gun is now seldom used, and 
indeed it has been regarded cliielly as a scientific toy, pxcept in tliosecases, 
which we should hope are of rare occurrence, where it has been made the 
instrument of private revenge. 

t la the Introduction to the Study of Natural Philosophy (11), the 
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The essential part of a barometer is a well-formed glass 
tube, 33 or 34 inches long, of equal bore, containing pure 
mercury only, and so arranged that this mercury may he 
supported by atmospheric pressure, as in Fig. 15 ; all the 
other appendages being contrivances for protecting the tube 
and ascertaining the exact height of the mercurial column. 

At first sight nothing appears more easy than to fill a 
tubo with mercury and invert its open end into a cup of the 
same metal, as shown in Fig. 14. 
There are, however, certain prac- 
tical difficulties which render 
the construction of*a good baro- 
meter a work of great nicety. In 
the first place mercury is very liable 
to contamination, from the facility 
with which it dissolves baser and 
cheaper metals, such as tin, lead, 
zinc, and bismuth ; and as the 
specific gravities 'of these metals 
are all much less than that of 
mercury,* any admixture of them 
will cause the height of the ba- 
rometer, as indicated by a column 
of the adulterated metal, to be 
greater than in a barometer con- 
taining pure metal. There are 
various methods of purifying mer- 
cury, for which we must refer to 
chemical works;t hut, in addition Fjg 14 _ F j g . 15. 

to these sourccsof impurity, it was 

history of the invention is given, together with a notice of the important 
influence which the discovery of the pressure of tbe atmosphere had on 
the progress of science. 

* The specific gravity of zinc is 6-8 to 7-2 ; of tin, 7-3 ; of bismuth, 
9-9; of lead, 11-45; and of mercury, 13-56. 

f See Faraday's Chemical Manipulation. 
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the opinion of Sir Humphry Davy, that mercury in its pure 
state, when^xposed to the air, absorbs both air and mois- 
ture. If such really were the case, the construction of an 
accurate barometer would be impossible ; bat, according to 
the experiments of the late Professor Daniell, mercury is 
incapable of absorbing or retaining either air or moisture ; 
and the air-bubbles seen to rise from it when heated or 
when relieved of atmospheric pressure are merely retained 
between the mercury and the glass vessel by their attraction 
for the latter. 

On pouring mercury into the barometer-tube and invert- 
ing it, the air thus confined between the mercury and the 
inner surface of the tube will be relieved from atmospheric 
pressure, and escape into the Torricellian vacuum,* where it 
■will oppose the pressure of the external air, and constantly 
maintain the mercurial column at a lower level than if the 
Torricellian vacuum were perfect ; so that the observed 
height of the column would not indicate the true pressure 
of the atmosphere, but only the excess of the pressure above 
that within the tube. Now, in order to get rid of this air 
adhering to the tube, as well as any moisture which is sure 
to settle upon anything left exposed to the air, it is necessary 
to introduce small portions of mercury into the tube, and 
boil them by the action of a small charcoal fire. This, of 
course, requires considerable care, not only to avoid the 
fracture of the tube, but also to prevent fumes of mercury 
from escaping, for these are very pernicious if inhaled. 
The tube is first gently warmed, so as to dry it thoroughly. 
A quantity of pure mercury is then poured in, so as 
to occupy two or three inches of the sealed end of the 
tube, which is held over the fire until the mercury boils, 
taking care to turn the tube round upon its axis, so that the 
heat may be equally applied. After boiling for a minute or 

* The vacant space between the top of the mercury and the top of the, 
tube is called the Torricellian vacuum, in honour of the inventor of toe 

a 
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two, the open end is closed by a cork to prevent the intro- 
duction of moist air, and the tube is then allowed to cool, 
in order that the cold mercury which is next to be poured 
in may not crack the tube. "When a second portion of 
mercury, about equal to the first, has been poured in, the 
part of the tube containing this new portion is held over 
the fire until it boils. It is again removed from the fire, 
and corked up as before. A third portion of mercury is 
then introduced, and the heat again applied to that part of 
the tube containing the last addition of metal ; and in this 
way the tube is at length filled, with the exception of a small 
portion from which the mercury has been expelled by the 
heat. This is filled up with mercury, and the finger is now 
placed over the opened end so as carefully to exclude any 
air; the tube is then reversed into a cup of pure mercury; as 
the column sinks, it expels the last portion of mercury which 
had not been boiled; and as there is neither air nor' aque- 
ous vapour above the mercurial column, its length exactly 
measures the atmospheric pressure whenever the tempera- 
ture is too low for the mercury to give out any sensible 
quantity of vapour. It appears, however, that mercury 
exists in the aeriform state whenever its temperature is 
above 60°, so that it must, in this state (though exceedingly 
rare), fill the so-called vacuum at the top of the tube, and, 
by its elasticity, depress the liquid, and partly counter- 
balance the external pressure. But this source of error, 
which is unavoidable, is fortunately extremely small. 

20. With all the above precautions, however, the baro- 
meter is liable to continual deterioration from another 
cause. Capillary attraction, or that force by which solids 
attract fluids so as to be wetted by them, does not act 
equally between all solids and fluids. Most solids, with the 
exception of certain metals, display less attraction of this 
kind for mercury than for any other fluid, so that they are 
never wetted by it, and, when immersed in it, they always 
retain a film of the last fluid that touched them. Hence 
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the precautions necessary for removing tie film of air from 
the inner surface of the barometer-tube so as to bring the 
mercury into contact with the glass ; but as this contact 
cannot be insured on the outeida of the tube, where it is 
immersed in the cup, a film of air is always retained on this 
part of the tube, and also at its under edges, which film 
creeps by small portions at a time into the interior, and 
rises up in innumerable bubbles into the vacuum, the film 
being constantly renewed by the descent of more air be- 
tween the outside of the tube and the mercury in the cup f 
and thus the outer air slowly insinuates itself into the 
barometer. In this way the most carefully constructed 
barometers have become deteriorated in the course of years, 
as was shown by Professor Daniel], on a comparison of 
the registers of the celebrated Meteorological Society of 
the Palatinate, 

In the register kept at Mannheim for twelve years from 
1781 to 1792 inclusive, the mean height of the barometer 
for the second six years is '062 inch lower than that of the 
first six years. 

In the register kept at Padua, during the same period, 
the mean of the last six years is ■ 044 inch lower than that 
of the first six. 

In the register kept at Rome the average of the last six 
years is lower than that of the first by '114 inch. 

At Buda the difference is -035 inch At Brussels -044 
inch. At Munich '026 inch Prom the summit of Peisen- 
berg, a mountain in Bavaria, -026 inch; and from the 
summit of Mount St. Gothard, the depression is also -026 
inch. 

This irregular and uncertain deterioration of barometers 
cannot be too greatly deplored, because it vitiates the 
observations of all those earnest and competent observers, 
who, during many years, have devoted daily portions of 
their valuable time to a record of the oscillations of the 
barometer at various stations. Indeed, until the defect 



Digiuzefl by Google 



40 



NEW METHOD OF FILLING. 



complained of was remedied by Professor Daniell, the great 
mass of barometrical observations can scarcely be said to be 
of any scientific value. The only means of preventing this 
deterioration of the barometer is by making the bottom of 
the tube of some substance which attracts mercury in pre- 
ference to air, so as to be wetted by the mercury. Now, as 
the metal platinum possesses the rare property of wtlding 
with glass, that is, of uniting with glass when softened by- 
heat, it occurred to Professor Daniell to unite a ring of 
platinum with the open end of the barometer-tube, so as to 
bring it into contact with the mercury, thus effectually pre- 
venting the ingress of air into the tube. 

21. The same distinguished philosopher also invented a 
new mode of filling barometer-tabes, which, with £u- less 
difficulty and danger, insures as much accuracy as by the old 
method. The improvement consists in pouring the mercury 
into the tube while both are under the exhausted receiver of 
a good ■air-pump. Care is required to prevent any splashing 
of the mercury as it descends into the tube, for this causes 
bubbles of highly-rarefied air to become entangled between 
the mercury and the glass ; this, however, is prevented by 
pouring the mercury through a long slender funnel extend- 
ing to the bottom of the tube, and dipping into a small por- 
tion of mercury previously introduced, and boiled. By this 
means all agitation is confined to the tube of the funnel, 
which, on being removed, and filling up the barometer-tube, 
the only part containing bubbles is that last filled ; and as 
these bubbles are formed by the highly-rarefied air of the 
exhausted space, they shrink into invisible points on ex- 
posure to the common pressure, and on inverting the tube, 
the last portion containing these bubbles is expelled, and the 
tube left perfectly free of air. 

In making the standard barometer for the Koyal Society, 
Professor Daniell not only followed this process, but after- 
wards boiled the mercury still in vacuo ; and he noticed, as a 
Btrilring proof of the absence of air and the perfect contact of 
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the mercury -with the glass, that although the bore of the tube 
was more than half an inch, yet, on inverting it, the fluid did 
not at once fall to its usual height, but remained suspended to 
the top of the tube, as -water Would have done in the same 
tube, until detached therefrom by a few concussions. Yet 
this fine instrument, having no platinum guard, as just de- 
scribed,, was found after two years to grow dim (like an old 
looking-glass),* from the insinuation of air-bubbles between 
the glass and the mercury, so that the tube had to be re- 
filled as before; but, in doing so, a ring of platinum was 
added,to the open end, which has since preserved the instru- 
ment from deterioration. 

22. As the excellence of a barometer chiefly depends on. 
the absence of all matter except mercury from the tube, we 
may test its value by three indications : — First, by the bright- 
ness of the mercurial column, and the absence of any flaw, 
speck, or dulness of surface ; secondly, by the bairomel/ric 
light, as it is called, or flashes of electric light in the Torricel- 
lian vacuum, produced by the friction of the mercury against 
the glass, when the column is made to oscillate through an 
inch or two in the dark ; thirdly, by a peculiar clicking 
sound, produced when the mercury is made to strike the top 
of the tube. If air be present in the tube, it will form a 
cushion at the top, and prevent, or greatly modify, this 
click 

* Professor Daniell remarks : — " There is a defect which may often be 
observed in old looking-glasses, which may probably be referred to the 
same cause as the deterioration of barometers. I allude to a dulness 
which tabes place in large spots over their surface, and which generally 
seems to radiate from the centre. I have frequently remarked tbis in the 
Tery old mirrors in some of the palaces upon the continent. I imagine 
that this arises from the slow insinuation of air by the edges, or some 
accidental crack in the metal at the back of the glass." A damp wall will 
also produce a similar effect npon looking-glasses, the moisture probably 
favouring the entrance of the air. See "Elements of Meteorology," 
vol. fi.t London, 1845. The two essays on the construction and dete- 
rioration of barometers, are admirable specimens of patient research, 
which ought to be studied by every one interested in the subject. 
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23. The sectional area of the tube is of no Kg. 16. 
consequence to the height of the column of 
mercury supported. If the sectional area be 
equal to one square inch, the column of Hi *** 
mercury ab, Fig. 16, 30 inches high, will be 
counterbalanced by a column of atmospheric 
air one inch square, and extending from the 
surface of the mercury in the cup b, to the 
top of the atmosphere ; and as we know the 
pressure of the air to be about 15 lbs. on the 
square inch, so the column of mercury, one 
inch square, in the barometer-tube, weighs 
about 15 Iba If, instead of mercury, we 
take 15 lbs. of water, and form it into a 
column 1 inch square, we get in such case a 
height of about 32^ feet. If the sectional 
area of the tube of the mercurial barometer 
be only half an inch, the column of mercury 
will still retain the same height, for it is coun- 
terbalanced by the same height of atmosphere, only the 
column of atmosphere has in this case a base of only half 
a square inch, instead of an inch. So long, therefore, as the 
atmosphere presses with the same intensity upon the surface 
of the mercury in the cup, the column suspended in the tube 
will be of the same height, whatever its internal diameter. 

The height of the mercurial column must be measured 
from the surface of the mercury in the cistern, — from 6, 
Pig. 1 6, for example. Now it will be obvious that the level 
of this surface must always change with the oscillation of the 
column : when the atmospheric pressure increases, and the 
mercury in the tube rises, a portion of the metal is drawn 
out of the cistern into the tube, and the level of the mercury 
in the cistern is depressed : so, on the contrary, when the 
atmospheric pressure diminishes, a quantity of mercury ia 
forced out of the tube into the cistern, and the level of the 
metal in the latter rises. If, therefore, the instrument be 



THE LENGTH OP THE COLCMy. 



43 



furnished -with a fixed graduated scale adjusted to the top 
of the column when the distance between it and the level of 
the mercury in the cistern a b, Fig. 16, is exactly 30 inches 
(this being what is called the neutral point of the instru- 
ment), it will be evident that when the top of the column 
sinks to 29 inches on the scale, the distance between the 
two extreme points will be somewhat less, depending on the 
capacity of the cistern, in which the mercury rises at the 
same time that it falls in the tube. So also, if the column 
rise to 31 inches, the distance will be rather more than 
this, on account of the additional quantity of mercury 
drawn into the tube. If the cistern be a section of a cy- 
linder, with a flat bottom, bearing a certain known propor- 
tion to the bore of the tube, such as 1 : 100, and the mer- 
cury rise 1 inch above the neutral point, then as much 
mercury will be withdrawn from the cistern as fills 1 inch 
of the tube; but as the' base of the cistern is 100 times 
greater than the bore of the tube, it is obvious that this inch 
of mercury in the tube would cause a fall of only -r^th of 
an inch in the level of the mercury in the cistern ; or, in- 
other words, the fall of y^th of an inch in the mercury in 
the cistern is accompanied by a corresponding rise of -r^ths 
in the tube. A similar efFect is produced by any other change 
in the height of the column, so that, if the inches on the 
graduated scale be made each -j-J^th part less than an inch, 
the instrument will afford tolerably correct results. In some 
instruments, however, the scale, accurately divided into inches 
and parts of inches, is made moveable, and terminates in an 
ivory point, which is brought down to the surface of the 
mercury. When this point and its reflection appear to be in 
contact, the height indicated by the scale is correct. In other 
forms of the barometer, the mercury in the cistern is always 
maintained at the same level, for which purpose the cistern, 
is formed partly of leather, so that, by means of a screw at 
the bottom, the surface of the mercury may always be ad- 
justed to the neutral point before taking an observation. The 
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cistern is also sometimes provided with a gauge or float, 
■which indicates when the mercury in the cistern is too high 
or too low. By turning the screw one way or the other, the 
mercury in the cistern is adj usted to the proper level. When 
there is no gauge, the relative capacities of the cistern and 
tube are ascertained and marked on the instrument, together 
with the neutral point. In an example given by Mr. Bel- 
ville,* the capacity for every inch of elevation of the mercury 
in the tube is supposed to be equal to ^g, which, reduced to 
a decimal = 0-025 in. per 1 inch, 0-013 in. per ^ inch, 
0 007 per J inch. 

Then if the observed height = 30-400 
And the neutral paint be = 30-000 

The difference above the\ 
neutral point will be J 
Then add for capacity 

The correct height will be 30 4 10 
In this case the observed height is above the neutral 
point ; in the following example it is below it : — 

Observed height 29-500 

Neutral point 30-000 

Difference below neutral point. . -500 
Subtract for capacity —'013 

Correct height 29-487 

24. As the range of the barometer in this country is 
limited to about inches, it is not necessary to commence 
the scale from the neutral point : the divisions usually begin, 
at the 27th inch, and are continued to the 31st. But in 
instruments intended to measure the height of mountains, or 
for accompanying balloons, the scale begins at the 12th or 
15th inch. Each inch is divided into ten parts, and these are 
* A Manual of the Barometer, by J. H. Belrilte, of the Royal Obser- 
vatory, Greenwich j London, 1819. This cheap bnt excellent little work 
ought to be in the hands of ever; one who uses a barometer. 
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subdivided into hundredths by Fig. 17. 

means of a small sliding scale, 
called a vernier or nonius* at- 
tached to the side of the large 
scale, as in Pig. 17. It measures 
exactly one inch and one-tenth in 
length, and is divided into ten 
equal parts, numbered from the 
top downward ; while the divi- 
sions of the inches of the scale 
are nnmbered from the bottom 
upwards. Now as 10 divisions on 
the vernier are equal to 11 on the 
scale, and as these 10 are all 
equal to each other, it follows 
that each division of the former 
must be equal to l-^th division 
of the latter, or to t^th inch. 
If, therefore, any division of the 
vernier coincide, or is in a line 
■with a division on the scale, thetwo 
lines immediately above or below _ _ 
those which coincide, will be sepa- y£o — — 
rated by a distance exactly equal 
to yfojth inch ; the pair, two 
divisions removed from the first, has a deviation of -y^gth 
of an inch, and so on. Thus, in Fig. 17, the line marked 6 
on the vernier, coincides with the line 28-9 on the scale; 
but the two lines immediately above them, marked 5 and 
29, do not exactly coincide ; and this want of coincidence 
must amount to xgth of -j^th of an inch, or x&s °^ ^ inch. 
In the next two lines, marked 4 and 29*1, it will be 

* So called from Peler Vernier, a gentleman of Franche ComptS, who 
described it in a tract printed at Brussels, in 1631. The word nonius is 
derived from Peter Nunnez, or Nonius, as his name has been Latinized, 
a Portuguese mathematician, born at Alcazar, in 1497. 
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.seen that they fail to coincide by -^th of tV^ of 011 inc ' n . 
or iJ^th of an inch. lb lite manner the lines marked 3 and 
29-2, 2 and 29 3, 1 and 29-4, and 0 and 29 5, deviate 
from each other respectively by r^th, -^th, i^th, and 
-j-a^th of an inch. The same measuring will also apply to 
the lines situated below the coincident lines marked 6 and 
28-9 : thus 7 and 28-8, immediately below them, fail to 
coincide by -p^th of an inch, and so on with respect to the 
others. The point to be attended to is that a division on 
the vernier is -j-Joth of an inch larger than a division on the 
scale. 

In applying the vernier to measure off small portions of an 
inch in the height of the barometer, we first notice the 
height of the column by the fixed scale, 'which, in Fig. 17, 
is more than 29-5 inches, but less than 29-6. In order to 
measure the hundredths of an inch, we place the zero or top 
of the vernier scale, exactly level with the top of the mer- 
cury. We next observe that, of all the lines on the vernier, 
only one can coincide with a line on the scale. In the figure 
the line marked 6 on the vernier, coincides with a line on 
the scale, and as from the top of the mercury to these coin- 
cident lines, there are six pairs which do not coincide ; and 
as each pair deviates by -rj^th of an inch more than the pair 
below it, the uppermost pair must evidently differ by yfojth 
of an inch. We thus get the height of the mercury in ono 
figure, which is 29£ inches and —^tli inch, or, expressed 
decimally, 29-56. 

25. The words " Change," " Fair," and " Rain " engraved 
on the plate of the barometer, are calculated to mislead ; 
for, as Mr. Belville remarks, "from the observations of 
two centuries we find that heavy rains, and of long con- 
. tinuance, take place with the mercury at 29-5 inches, or 
' Change j* that rain frequently falls when it stands as high 
as 30 inches, or ' Fair ;* and more particularly jn winter, a 
fine bright day will succeed a stormy night, the mercury 
ranging as low as 29 inches, or opposite to ' Rain.' It is 
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not so much the absolute height as the actual rising and 
falling of the mercury, which determines the kind of weather 
likely to follow." Instrument-makers still continue to en- 
grave these words on the scale, apparently for no other 
reason than old-established usage ; their customers would 
probably think the instrument imperfect without them, just 
as the readers of " Moore's Almanac" insist upon having the 
supposed influence of the planets upon the different members 
of the body entered for every day in the year. Indeed, the 
defects of the common barometer, as it leaves the hand of 
the instrument-maker, are so serious as to render this instru- 
ment almost worthless to science. " In the shops of the 
best manufacturers and opticians," says Professor DanielL 
" I have observed that no two barometers agree ; and the 
difference between the extremes will often amount to a 
quarter of an inch : and this with all the deceptive appear- 
ance of accuracy which a nonius, to read off to the 500th 
part of an inch, can give. The common instruments are mere 
playthings, and are by no means applicable to observations 
in the present state of natural philosophy. The height of 
the mercury is never actually measured in them, but they 
are graduated from one to another, and their errors are thus 
unavoidably perpetuated. Few of them have any adjustment 
for the change of level in the mercury of the cistern, and in 
still fewer is the adjustment perfect : no neutral point is 
marked upon them ; nor is the diameter of the bore of the 
tube ascertained : and in some the capacity of the cisterns is 
perpetually changing from the stretching of a leathern bag, 
or from its hygrometric properties. Nor would I quarrel 
with the manufacture of such playthings ; they are calculated 
to afford much amusement and instruction ; but all I con- 
tend for is, that a person who is disposed to devote his time, 
his fortune, and oftentimes his health, to the enlargement of 
the bounds of science, should not be liable to the disappoint- 
ment of finding that he has wasted all, from the imperfection of 
those instruments, upon the goodness of which he conceived he 
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had good grounds to rely. The questions, now of interest to 
the science of meteorology, require the measurement of the 
500th part of an inch in the mercurial column ; and not- 
withstanding the number of meteorological journals, which 
monthly and weekly contribute their expletive powers to 
the numerous magazines, journals, and gazettes, there are 
few places, indeed, of which it can be said that the mean 
height of the barometer for the year has been ascertained to 
the 10th part of an inch." 

26. The barometer ought to he fixed in a truly vertical 
position, and if possible with a northern aspect, in order 
that it may be subject to as few changes of temperature as 
possible. It is usual, for the sake of comparison, to reduce 
the observations to 32°, for which purpose tables for correc- 
tion for temperature are given in scientific works devoted to 
the subject of the barometer. " The height of the cistern of 
the barometer above the level of the sea, and, if possible, the 
difference of the height of the mercury with some standard, 
should be ascertained, in order that the observations made 
with it should be comparative with others made in different 
parts of the country. Before taking an observation, the 
instrument should be gently tapped, to prevent any adhesion 
of the mercury to the tube ; the gauge should be adjusted to 
the surface-line of the cistern, and the index of the vernier 
brought level with the top of the mercury." The appli- 
cation of the barometer as a weather-glass will be noticed 
hereafter. 

27. Various contrivances have been made for increasing 
the length of the scale, or for making it more convenient for 
use. The most popular form is the common wheel-baro- 
meter, or tveather-glaaa, as it is called. In this instrument, 
the tube, instead of terminating at the bottom in a cistern, 
is recurved so as to form an inverted siphon, as in Kg. 18. 
As a rise of the mercury in the longer or closed limb is 
equivalent to a fall in the shorter limb, and trice versa, a float 
is placed on the surface of the mercury in the shorter limb, 
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and is connected with a string passing over a pulley and 
very nearly balanced by another -weight on the other side of 
the pulley. An index hand attached to the pulley moves 
over the surface of a dial-plate, graduated so as to indicate 
the oscillations of the mercurial column. . With an increase 
of atmospheric pressure the mercury in the longer tube 
rises, and that in the short tube is depressed, together -with 
the float, and this gives a small motion of revolution to the 
pulley, and also to the attached index hand. A fall in the 
longer column causes the mercury with its float in the short 
limb to rise, and consequently moves the index hand in the 
contrary direction. 

The siphon form of barometer, as commonly made, is 
inferior to the cistern barometer, because a change of pres- 
sure, such as would make a difference of 
nearly an inch in the upper level of the 
latter, would show but half an inch in 
each level of the ni[ihon ; for although 
the surfaces of the mercury in the longer 
and shorter limbs would be an inch far- 
ther apart, that inch would bo com- 
pounded of a rise of half an inch at one 
surface, and a corresponding fall at the 
other. The unit of measure, therefore, 
becomes only half as great, and necessarily 
diminishes in utility. In our figure, how- 
ever, the upper end of the tube is ex- 
panded into a bulb, in order that, by en- 
larging the upper surface of the mercury, . 
the difference of level may be made i 
depend almost entirely on the lower sur- | 
face, giving the same advantage as in a A 
common barometer with a cistern of the 
same horizontal area as the bulb. 

28. The desire to produce a more deli- 
cate measure of the atmospheric pressure has led - to the 
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construction at various times of a water-bar om&ter, the lower 
surface of the water being protected from direct contact 
with the air by a layer of some more permanent liquid, such, 
as oil, or some elastic solid, such a9 India-rubber. Soon- 
after the invention of the barometer, a water-barometer was 
constructed by Otto triiricke (the inventor of the air-pump), 
and afterwards by Mariotte. It was supposed that the 
greater range of its oscillations would measure more minute 
changes of pressure. An instrument of this kind was con- 
structed by Professor Daniell for the Eoyal Society. , It 
consists of one entire tube of glass, which was drawn out to 
the length of 40 feet without much difficulty. Its diameter 
is about an inch, and the average height of the fluid column 
400 inches. "When originally put up in the year 1832, the 
water in the cistern was covered with a layer of castor oil ; 
but as that did not prevent the admission of the outer air, 
it was found necessary to refill the tube. This was done 
in January, 1845, and a solution of caoutchouc in naphtha 
was substituted for the castor oiL In windy weather this 
barometer appears to be constantly fluctuating, indicating 
numerous changes of pressure, which have no sensible effect 
on the most delicate mercurial barometer ; the column 
appears to be in a state of perpetual motion, compared by- 
Professor Daniel] to the slow act of respiration. But the 
most important result is, that this instrument precedes by 
one hour the mercurial barometer of half an inch bore, as 
this docs the mountain barometer of 0 - 15 inch bore, by the 
same interval in their horary oscillations ; showing that, 
while philosophers are disputing about the hours of the 
maxima and minima, much depends upon the construction of 
the instrument observed. 

29. For the measurement of heights, and as a companion 
for the scientific traveller, the barometer has been made port- 
able. The portable barometers of Gay Lussac, of Troughton, 
and of Fortin, are those best known. In making an obser- 
vation, the barometer can be hung to the upper part of a 
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tripod, stand, as in Fig. 19, the Fig. 
stand itself serving as a secure 
case for packing and conveying 
the instrument. Gay Lussae's 
barometer is of the siphon form J 
that of the other two makers 
is -what the French call d cw- 
vetta, that is, with a cistern. As 
the level of the mercury rises 
or falls in the tube, it falls or 
rises in the cistern, and in order 
to measure correctly variations in 
the length of the column, these 
two changes of level must be 
attended to, as already explained 
(23). For this purpose, the 
bottom of the cistern is moveable; 
it is formed of leather, and rests 
upon the flat extremity of a 
screw u, Fig. 19, and shown on a 
larger scale in Fig. 20. By turn- 
ing this screw in one direction, the 
bottom of the cistern will evi- 
dently be raised, and in the other 
direction lowered, and the level of 
the mercury in the cistern will 
undergo a corresponding change. 
Hence this level can always be 
adjusted to the neutral point 
before taking an observation, so 
that the variations in the mercu- 
rial column may truly represent 
variations in atmospheric pressure. 
To facilitate this operation, the 
cistern is furnished with an ivory 
point, which descends exactly to 
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the level of the zero, or neutral point of the Kg- 20. 
scale, and the mercury is screwed up or 
down until the real and the reflected ends 
of the ivory appear to coincide ; or, as in 
Fig. 20, which represents the cistern of 
Troughton's instrument, the screw is turned 
so as just to exclude the light from passing 
between the surface of the mercury and 
the upper edges of the slits in the brass 
cover with which the cistern is provided, 
the upper edges of the slits representing 
the commencement of the scale of inches. 
The tube is also inclosed in a brass case, 
the lower part of which contains a thermo- 
meter. The divided scale commences at 15 
inches above the neutral point, and is con- 
tinued as high as 33 inches, each inch 
being subdivided into 1,000 parts by means 
of a vernier, c, Fig. 19. A slit from end to end of the divided 
scale exposes the glass tube and the mercury. In taking 
the height of the mercury, the vernier point is brought down 
so as just to exclude the light from passing between it and 
the spherical surface of the top of the column of the mercury. 
In order that the observation may be correct, it is necessary 
that the barometer bo exactly vertical, for if inclined, the 
space occupied by the mercury would have a somewhat 
greater length than that which is really due to atmospheric 
pressure. The head of the tripedal staff is therefore con- 
structed somewhat in the same manner as the gimbals which 
support a compass-bowl or a chronometer. The application 
of this instrument to the measurement of heights will be 
noticed further on (56). 

30. An instrument named the aneroid * barometer has 
been invented by M. Vidi of Paris, Its action depends on 

* From two Greek words, signifying without fluid, i. e., neither 
mercury nor water ia used ia its construction. 
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the effect produced by.the presanre of the atmosphere on a 
metallic box deprived of air and hermetically sealed. An 
index traversing a di al, Fig. 21, records the changes in the 
weight or pressure of the air on a given surface. It is 4% 
inches in diameter across the face, and 1$ inch thick. 
It is graduated to correspond with the mercurial barometer, 
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and two small thermometers are fixed on the face of the 
dial, one graduated according to the Centigrade and the 
other after Fahrenheit's scale. Fig. 22 shows the internal 
construction, as seen when the face is removed, but with 
the hand still attached. A is a flat circular box of white 
metal about ^ inch in depth, with the surfaces corrugated 
in concentric circles, to give it greater elasticity. This box 
being exhausted of air through the short tube o, and then 
made air-tight by soldering, forms a spring, which is affected 
by every variation of pressure in the external air. This box 
f2 
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is attached to the bottom of the metallic case which incloses 
the mechanism of the instrument. At the centre of the 
upper surface of the elastic box is a solid projection, o, 
about half an inch high, to the top of which the principal 
lever d F i is attached. This lever rests partly on a spiral 
spring at I, and is also supported by two vertical pins, 
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with perfect freedom of motion. The end o of the prin- 
cipal lever is attached to a second or small lever, from 
which a chain, H, extends to the centre, where it works on 
a drum attached to the arbour of the hand. A hair-spring, 
the attachments of which are made to the metallic plate L, 
regulates the motion of the hand. 

As the weight or pressure of the atmosphere is increased 
or diminished, the surface of the elastic box A is depressed 
or elevated, and this motion is communicated through the 
levers to the arbour of the band. The spiral spring, on 
which the lever rests at I, is intended to compensate for 
the effects of alterations in temperature of the minute por- 
tion of air which the box must contain, however perfect 
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the exhaustion. The actual movement at the centre of the 
elastic box, from whence the indications emanate, is very 
slight ; but this is increased 657 times at the point of the 
hand ; so that a movement to the extent of -Jj-nd part of 
■Jgth of an inch in the box carries the point of the hand 
through 3 inches on the dial The tension of the box 
in its construction is equal to 44 lbs. At the back of the 
outer case. is a screw to adjust the hand to the height of a 
standard mercurial barometer.* 

31. There are other barometrical instruments of greater 
or less utility, which have been introduced at various 
times for measuring the absolute pressure or elasticity of 
any fluid in which they are placed. "We must refer to larger 
treatises for an account of these instruments, but we may 
notice the principle upon which certain instruments, called 
differential barometers, are constructed. They consist essen- 
tially of a portion of liquid placed in the bend of a siphon 
tube shaped like the letter U, having its two ends open 
to the two fluids whose pressures are to be compared. The 
difference of these pressures causes a depression of the liquid 
in the leg exposed to the greater pressure, and an eleva- 
tion in the other leg ; the column of liquid thus sustained 
balancing the excess of pressure on the lower level above 
that on the upper. The difference of pressures is exactly 
measured by the difference of these levels. 

Such an instrument, with mercury as the measuring fluid, 
forms the common mercurial gauge used for showing the 
elasticity of steam in the boiler and other parts of a steam- 
engine. One end of this tube, a, Kg. 23, being inserted 
in the boiler, cylinder, or condenser, and the other end 
being open to the air, the rise of the mercury in the outer > 
limb shows the excess of the elasticity of the steam above 
that of the external air ; or, with another form of instrument, 
■where the inner limb next the boiler is twice the length of 
the outer, its depression in the outer limb, and its rise in 
* Redwood, Pharmaceutical Journal. 
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tho inner, show the excess of the atmo- 23- 
spheric pressure over that of the nncondensed 
vapour remaining in the condenser; or over 
that of the low-pressure steam, when such is 
used. Iu either case, as the support of 30 
inches' difference of level in the mercury re- 
quires a pressure, or difference of pressures, equal 
to the atmospheric pressure, or about 15 lbs. 
per square inch, the difference of pressures will 
always amount to about half as many pounds 
per square inch as there are inches between the 
two levels of the mercury. A scale attached to 
the gauge indicates the amount of pressure at a 
glance. 

The use of steam of very high elasticity in 
marine, and especially in locomotive engines, re- 
quiring the extension of this instrument to an 
inconvenient length, has led to the substitution 
of spring-pressure gauges, which, although free 
from the inconveniences of the mercurial gauge, 
are inferior in principle, because, as every spring 
is constantly weakened by use, the value of the 
scale of these instruments must be constantly 
changing. 

32. When the difference of the pressures to be compared 
is very small, the difference of level in the mercury is not 
easily measured ; all that is necessary to increase the delicacy 
of the instrument is to substitute a lighter liquid, such as 
water, which being, as we have seen (13), raised nearly four- 
teen times higher than mercury by the same pressure, renders 
the indications nearly fourteen times more delicate. This 
simple instrument, a siphon tube, 3Tig. 24, containing a little 
water, was applied by Dr. lind as an anemoscope, or vrind- 
measwer, one end of the siphon being bent horizontally, so 
as to face the wind. The two limbs of the tube were each 
about 9 inches long, and -j^ths of an inch in diameter, and 
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they we're connected at their lower extremities Fig- 24. 
by a smaller tube i^tli of an inch in diameter, 
for the purpose of retarding the quick oscilla- 
tions of the fluid by irregular blasts of wind. 
A scale of inches is placed between the two 
limbs, the zero corresponding to the level of 
the fluid in both tubes when subjected to 
equal pressures. In our figure the two levels 
being each 1^ inch from zero, their difference 
is equal to 3 inches. It was found by this 
instrument, that the difference of pressures on 
the windward and leeward sides of any object, even in the 
greatest gales, bears but a very small proportion to the whole 
pressure, for, while the latter is capable of supporting from 
29 to 30 inches of mercury, or from 32 to 34 feet of water, 
the column of water supported in the wind-gauge never ex- 
ceeds a few inches. While the average pressure of the air in 
all directions, therefore, amounts to 14^ or 15 lbs. on a square 
inch, or above 2,000 lbs. on a square foot, the difference of 
this pressure in different directions, produced by wind, never 
exceeds 15 or 20 lbs. on the square foot, even in the greatest 
storms of our climate. 

As this difference of pressures bears a simple relation to 
the velocity of the wind, the latter is easily calculated from 
■ it ; and in this manner the following table has been con- 
structed, to show the velocity and the pressure on a square 
foot of surface corresponding to different heights of water 
supported in the gauge, and to different iamiliar designations 



of the intensity of 










Velocitjin I 


ncfau of nter 




of wind. 


mile, per hour. 






Gentle breeie 


3-25 


0*01 


0-93 oi. 


Pleasant breeze 


6-5 


0-04 


3-33 o>. 


High wind 


16-25 


0-25 


lib. Soz. 


Storm or gale 


32-5 


1- 


5 lbs. 3oz. 


Great storm 


56-29 


3- 


15 lbs. 9 oi. 


Hurricane 


79-61 


6- 


31 lbs. 3oz. 


Tremendous hu 


rricanc 9 7 '5 


9- 


4f.lbs.12oi. 
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Hence it appears that the pressure increases as t\io%quare 
of the wind's velocity, as will be seen by comparing either of 
the two latter columns of the table with the second. 

This simple and elegant instrument has, like the mer- 
curial steam-gauge, been superseded by the more manageable 
but less accurate measure afforded by the compression of a 
spring. Machinery connected with such a spring has been 
made to move a pencil over paper, so as to keep a continual 
register of the variations in the intensity of wind as well as 
in it3 direction; and the registers so kept for the last few- 
years have elicited some remarkable lacts in meteorology, 
and must conduce greatly to its progress. A fine anemo- 
meter, or machine of this kind, is erected on the roof of the 
Royal Exchange in London, and is made to register its 
indications in a room below".* 

33. There are a few other sources of error, in addition to 
those already mentioned, for which allowance must be made 
in estimating fluid pressures. One of these is the effect of 
capillarity already alluded to. In the water-barometer 
capillary attraction raises the water somewhat higher in the 
tube than is due to pressure alone, but in the mercurial 
column it is somewhat lower, so that in nice observations a 
correction has to be made for capillarity. 

In a tube of small bore, when the mercury is rising, its 
surface is convex ; when it is falling, it is concave, as if the 
centre of the fluid column always preceded the sides in all 
its motions ; as the centre of a river or of a glacier moves 
faster than its aides, which are retained by friction against 
the banks. 

Another effect is due to heat, the general tendency of 
which is to expand all bodies. Hence a rise in the baro- 
metric column may be due to increased atmospheric tem- 
perature, and not to increased pressure ; but as this will also 
operate on the graduated scale, and also 'on the glass of the 
barometer tube, these different expansions may, to a certain 
* See the Easy on Anemometry, in the Appendix. . 
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extent, correct each other. But as solid metals, such as the 
scale is made of, and mercury and glass, expand unequally 
from the effects of temperature, it is necessary, in very nice 
observations, to apply certain corrections : for common pur- 
poses, however, these corrections may be neglected. 

34. This leads us to the consideration of the effects of 
temperature upon aeriform bodies. 

Under ordinary circumstances the elastic force of air 
varies in the same ratio as its density, provided, however 
that its temperature remains unchanged. This element 
must always be taken into account in all comparisons of 
density and elasticity, because change of temperature in any 
body is necessarily attended by a change in the relations of 
its density and elasticity. When, therefore, it is stated that 
an increase of temperature produces an increase in the bulk 
of a body, or, in other words, a diminution of its density, we 
suppose its elasticity to remain unaltered, which would 
necessarily be the case if always confined or prevented from 
further expansion by the same degree of pressure, such as 
the common atmospheric pressure. An alteration of this 
pressure, however, even although amounting to its entire 
removal, or to its increase several times, produces so little 
change in the density of solids and liquids, compared with 
the change produced by a single degree of temperature, that 
these changes may be totally neglected in stating the effects 
of heat on those bodies. But the case is very different with 
gases, and we now proceed to study the simple and beautiful 
relations between their properties and their temperature, 

As any change of density is accompanied by a similar pro- 
portional change of elasticity when the temperature remains 
constant, so any changes of density and of temperature are 
simply proportional to each other when the elasticity remains 
constant, and so also are all changes of temperature and 
elasticity proportional to each other when the density 
remains constant Any one of these three elements being 
unchanged, the changes of the other two are proportional to 
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each other; no one element of the three can be altered 
without altering one of the others, but it may be either one ; 
and -when any two of them are constant, the third is also 
constant : so that, any two of them being given, the third ia 
^ known. 

Hence an increase of temperature does not necessarily 
cause bodies to expand, for this expansion may be restrained 
by the application of sufficient pressure ; but this pressure ia, 
in the case of solids and liquids, so great, or, in other words, 
their increase of elasticity is so great, for small increments of 
heat (supposing their bulk to remain constant), that probably 
no available amount of mechanical force could sensibly pre- 
vent their expansion. But the expansion of air ia to some 
measurable extent impeded by the smallest measurable 
pressure ; and even a change of pressure that would double 
its bulk may be prevented from causing any expansion, by 
inclosing the air in a vessel of moderate strength. But as 
air, however small in quantity, always fills the vessel in 
which it is inclosed, it is evident that no change of tem- 
perature can in this case alter its bulk except by bursting 
the vessel If the vessel he strong enough to prevent this, 
the inclosed air, although its density be unaltered, must 
have the repulsive force of its particles, that is, its elasticity 
increased by increase of temperature ; so that, if the elasticity 
of the external air remain unchanged, the vessel will have to 
bear a greater pressure on its inner than on its outer sur- 
face ; and when the difference of these two pressures 
becomes greater than its cohesion, it will hurst, as happens 
with an inflated bladder held near the fire. The warm air 
thus liberated suddenly expands, until its elasticity becomes 
equal to that of the surrounding cold air, although its den- 
sity is less than that of the latter, so that it will ascend 
through it. 

35. When, therefore, it is said that portions of air and of 
gas expand like other bodies by heat and contract by cold, it 
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must always be remembered that this is true only when 
their elastic force remains unaltered. Otherwise, whatever 
change any degree of heating or of cooling may produce in 
their bulk when the elasticity is unaltered, it will produce 
the same change in their elasticity when their bulk is unal- • 
tered. To render the effect of expansion visible and mea- 
surable in these bodies, they must be confined in such a way 
that their elasticity may always balance a constant pressure, 
or a constant height of some liquid. To effect this requires 
' much care and accuracy ; but, from very exact experiments 
made in this way, the expansion of airs has been found to 
present the three following remarkable features : — 

First. They axe more expansible for a given increment of 
heat than either solids or liquids. For example, steel is in- 
creased in length only -ruVgth, or in bulk only -^th, by 
being heated 180° from the temperature of melting ice to 
that of boiling water. But in the case of liquids mercury 
expands about ^th, water about ^nd, and oil about -^th 
of its bulk by the same increase of heat Air, however, is 
expanded by the same change (its elasticity remaining con- 
stant), no less than jths, so that 8 measures of air at the 
freezing temperature become 11 at the boiling point of 
water. 

Secondly. That, although each solid and each liquid has its 
own peculiar rate of expansion, yet all gaseous bodies have 
the very same rate of expansion, namely, that above stated, 
which applies to all gases as well as to atmospheric air. . 

Thirdly. That, while all known solids and liquids expand 
in an increasing rate or with greater rapidity the more they 
are heated, airs on the contrary seem to preserve an equable 
rate of expansion at all temperatures, their increase of bulk, 
for example, being the same from 0° or zero to 100° as from 
100° to 200° ; and as their expansion from 32° to 212° 
Fahrenheit amounts' to fths of their bulk at 32°, it 
follows that every degree on this scale corresponds to a 
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change in their bulk amounting to T J -^t h * of the bulk at 
32° (supposing their elasticity unchanged) ; but if their 
density remain constant (as when they are confined in a given 
space), then each degree of Fahrenheit alters their elasticity 
by ^-J-^th of whatever the elasticity would be at 32°. 

Hence, if the temperature of any gas be estimated from 
an imaginary zero 480° below the freezing point of water 
on Fahrenheit's scale, or 448° below Fahrenheit's zero, the 
temperature so reckoned will be directly proportional to the 
elasticity of the gas when its density is , unchanged, or 
inversely proportional to the density when the elasticity is 
unchanged ; or, when either of these two elements is constant, 
the other varies in the same ratio as the temperature on 
Fahrenheit's scale, augmented by the constant quantity 448°. 

If we know the numerical measure of the density cor- 
responding to a given elasticity at a given temperature, we 
can then find under any other circumstances the value of' 
any one of these three elements when the others are given. 
In the case of common air these data have been measured 
most accurately by Dr. Prout, who found that when its tem- 
' perature is 32°, and its elasticity balances the pressure of 
30 inches of mercury, its density is such that 100 cubic 
inches of space contain 327958 grains troy of it. 

The relation of these data is different in different gases. 
Thus, when common air and chlorine have the same tempe- 
rature and the same elasticity, the chlorine is two and a half 
times as dense as the air ; while, on the other hand, air is 
more than fourteen times denser than hydrogen of the same 
temperature and elasticity. Hence the reason that a balloon 
ascends when filled with hydrogen, which is necessarily of 
the same elasticity as the air which presses on it. But in 
order to render the densities of these three gases equal, the 
hydrogen must have fourteen times the elasticity of the air, 

* The reader will easily perceive that this number ia obtained by dividing 
180 (the number of degrees between 32° and 212° Fahr.) by f. Recent 
expert menu, however, assign the fraction ^ or ^fa, instead of j-j-j. 
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and this must have two and a half times the elasticity of the 
chlorine (supposing their temperatures equal). But in every 
gas the same simple relations subsist between these three 
properties; bo that, when the temperature is reckoned from. 
■ — 448°, then any two of the three (temperature, elasticity, and 
density) are proportional, when the third is unchanged. 

36. In order to gain clear ideas of the relations subsisting 
between the temperature, the elasticity, and the density of 
aeriform matter, it is necessary to limit our attention to a 
volume of air confined in a close vessel, or in a tube such as 
that by which the law of Mariotte was illustrated (9). It is 
obvious that these relations or laws could never have been 
discovered by studying the effects of heat on the atmosphere 
itself; but haying once established them by experiment, the 
natural philosopher knows by analogy that what is true on 
the small scale of experiment is equally true on the grand 
scale of nature. Experiments form a sort of index to the 
volume of creation ; they guide us in our search by telling 
us what to loot for; and, confiding in the constancy of 
nature's laws, the natural philosopher ascends from a few 
experiments with glass tubes and a little mercury to grand 
and comprehensive generalizations. 

But, before we can understand the effects of heat upon the 
atmosphere, it is necessary to study another relation between 
heat and air. 

37. All fluids are very bad conductors of heat, that is, the 
amount of heat which is capable of passing from particle to 
particle without disturbing their relative position is almost 
inappreciable. But the perfect fluidity and great expansive 
power of air renders it a most admirable conveyer of heat. 

We may illustrate the difference between conduction and 
convection by comparing the action of heat on a solid with 
that on a liquid. If one end of an iron rod be placed in the 
fire, the heat will travel to the other end just as quickly 
■whether the rod be inclined upwards or downwards. It will 
also travel very quickly upward* through a tube of water, 
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bat it will not travel downwards, or, .if it does travel at all 
downwards, it will be bo slowly, that a lump of ice sunk to 
the bottom of the tube will not be melted, although the 
water at the surfece is boiling, as shown in Fig. 25. Hence 
water is called a bad conductor of heat ; 
but it is a good conveyer of heat, as may 25 - 
be proved by applying the heat below the 
tube. The particles of water at the bot- 
tom immediately expand by the heat, be- 
come lighter than the parts above them, 
and rise up to the surface, while the 
cooler and consequently heavier portions 
descend and occupy their place; they in 
their turn become heated and ascend, 
while another set of cooler and heavier 
particles descend, and thus a constant 
circulation of currents is established until 
the whole of the water attains the boiling 
point. But when heat is applied at the surface, no such 
currents are established, the upper layer becoming heated 
without communicating much, if any, heat downwards. 

It may be supposed that such an experiment as this 
does not apply to the atmosphere heated by the warm rays 
of the sun. It does, however, apply with the greatest 
strictness. The rays of the sun are not warm in passing 
through transparent media, such as air; they give out no 
appreciable heat until they are arrested by some body capable 
of receiving them, and then, and not until then, is any 
warmth experienced. Even at the equator the air receives 
comparatively no heat from the powerful vertical rays of the 
sun above, but is heated almost entirely from below by the 
surfaces on which it rests, which are made hot by the rays 
which have passed through the clear air without any heat- 
ing effect. This beautiful provision is necessary to give mo- 
tion to those horizontal currents which produce wind, and 
those ascending and descending currents which mingle all 
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the particles of air, and tend to preserve its purity, and to 
equalize the distribution of heat throughout the atmosphere. 
If the atmosphere were heated from above instead of from 
below, it would arrange itself in layers as fixed and deter- 
minate with respect to each other as those of a sedimentary 
rock, only increasing in density by night and expanding by 
day ; all then would be a universal calm ; there would be no 
cool gales from the temperate zones to mitigate the heat of 
the torrid or the cold of the frigid regions ; the one would 
be desolated by heat and the other by cold, and both alike 
uninhabitable. 

But as the solar rays are vertical at only one spot at a 
time, and become more and more oblique as we recede from 
that spot, every gradation of temperature ia experienced 
from 120° above to SO 0 beW zero. If we suppose two 
spots on the earth's surface, one situated vertically under the 
sun, and the other receiving his rays obliquely, and conse- 
quently with less heating effect, the greater expansion of the 
air over the former spot will cause it to extend altogether to 
a greater height ; but this will not influence the barometer, 
because, although there is a greater height of air on the 
warmer spot, there will be the same absolute quantity on 
both. But as it is impossible for a fluid to remain thu3 
heaped up in one spot without tending to assume a level 
surface, the heap of sir above the warmer spot will overflow 
and spread over the colder, thus causing an accumulation of 
more air on the colder place than on the warmer, and the 
barometer will rise at the one place and fall at the other. 
But as the lower stratum at the cold spot will thus be more 
elastic than that at the warm spot, the former will imme- 
diately rush into the latter until their elasticities are equal- 
ized. This motion constitutes wind. The equatorial regions 
being constantly more heated than the polar, the atmosphere 
above the former (independently of centrifugal force) must 
always extend higher than over the latter, and its upper 
portions must always be overflowing and tending to produce 
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a level surface which is never attained. But this upper 
current from the equator is supplied by another current at 
the earth's surface, flowing with equal constancy towards the 
equator. Indeed, these contrary currents exist on a small scale 
in every room in which a fire is burning ; but they may be best 
illustrated in two adjoining rooms, in one of which is a good 
fire, while "in the other there is none. If the door between 
the two rooms be partially opened, the cold air will enter the 
heated room in a strong current ; at the same time the heated 
air of the warm room ascends and passes the contrary way into 
the cold room at the upper part of the same doorway, while 
in the middle of this opening, exactly between the two 
currents, the air appears to have little or no motion. On 
holding a lighted candle near the bottom of the doorway, 
where the air is most dense, as Fig. 26. 

at a, Fig. 26, the flame will be 
strongly drawn towards the 
heated room; and, if held near the 
top of the door, as at c, it will be 
drawn towards the cold room with 
somewhat less force, while mid- 
way between the top and bottom, 
as at b, the flame will scarcely 
be disturbed. Gases of this kind 
are illustrations of the convection 
of heat, similar to that which 
takes place in a boiler; and a 
similar process is carried on in 
the great aerial ocean, the whole mass of which is kept in. 
perpetual circulation by the partial application of the sun's 
heat. An upper current of warm air is constantly flowing 
from the equator towards the poles to supply the place of the 
lower current, which flows in the contrary direction near 
the earth's surface, and forms, in certain latitudes, what are 
called the Trade-vAnds. 

38. The tendency to the equalization of elasticity and oi 
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heat in the atmosphere, or, in other words, to equality of 
pressure in all parts of the same horizontal stratum, and to 
equality of heat in all parts of the same vertical column is 
the cause of au winds, however they may be modified by 
local circumstances. Equalization of heat, however, does not 
imply an equal temperature. The quantity of heat required 
to effect a given change of temperature in a given portion of 
air depends on its bulk rather than on its weight, because 
the specific heat or capacity of air becomes greater the more 
it is rarefied ; so that by suddenly rarefying a portion of air 
its temperature is instantly lowered, and when suddenly 
condensed its temperature rises ; the new temperature thus 
acquired being, however, in each case only momentary, be- 
cause the equilibrium of temperature is immediately restored 
by the surrounding bodies. But this change of temperature 
1b permanent when produced by the removal of a portion of 
air from a denser into a rarer stratum, or vice versa. Thus 
if a portion from the earth's surface could be transported to 
any height, so as to be relieved of a portion of the atmo- 
spheric pressure, its consequent diminution of elasticity would 
be more rapid than that of its density, because this diminished 
elasticity is due, not only to diminished density, but also to 
d i m i ni s h ed temperature : the result is an increased capacity 
for heat, whereby it requires more heat than before to pre- 
. serve its temperature unchanged ; but it obtains no addi- 
tional supply, because all the surrounding air is as cold aa 
itself. The normal or equilibria! state of the atmosphere as 
regards heat is not, therefore, a state of equal temperature 
throughout its height, but a temperature gradually dimi- 
nishing upwards, according to a simple mathematical .law; 
the fall of temperature being equal for every equal height 
ascended, and on an average it is very nearly 3° of Fahrenheit 
for every 1,000 feet 

This explains the changes of climate so beautifully ex- 
hibited in miniature on the slopes of mountains, where 
within a few miles are brought together those varieties of 
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nature usually spread over many degrees of latitude. Thus 
on the sides of the Andes or other intertropical ridges, the 
scenery of every zone is found, and the traveller in the 
course of a couple of days passes in review the whole scale of 
vegetation ; from matted forests impervious to the sun, filled 
with the aroma of gums and balsams, and resounding with 
the din of animal life, he passes by imperceptible gradations 
into the peaceful woods of a temperate region, where the 
trees, as he continues to ascend, become smaller and less 
crowded; these are gradually succeeded by shrubs, low 
herbage, mosses, and lichens, until at length he enters upon 
those awful solitudes of snow, where organic life appears 
extinct. 

39. This striking succession of changes is explicable if we 
bear in mind that the mean temperature of the equatorial 
atmosphere (which at the sea-level is 82°) is diminished 
1° for every 333 feet of ascent ; so that at the height of 50 
times 333, or 16|667 feet, the mean temperature is reduced 
•to 32°, that is to say, it is as often below as above the freez- 
ing point ; and, as there ia no variety of seasons near the 
equator, it of course freezes every night at this elevation ; so 
that, while there is an eternal summer in the plains, there ia 
an eternal winter on the mountain-tops. Indeed, it is found 
that no summit exceeding 15,700 feet is ever free from 
snow. 

The distinct line formed by the lower boundary of the 
snow on mountains furnishes us with a natural register 
thermometer on a stupendous scale, as Professor Daniell 
appropriately names it, a scale of which each degree occupies 
more than 300 feet measured vertically. Except at the 
equator, this line of course rises in summer and fells in 
winter, the difference produced by seasons being increased 
the farther we advance towards the poles. The lowest 
position of the snow-line depends, of course, on the winter 
temperature, which diminishes immediately from the equator, 
very slowly at first ; so that this limit, which at no place 
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•within the tropics descends much below 16,000 feet, after- 
wards declines so much as to meet the sea-level at about the 
40th degree of latitude, while in all latitudes .above this, 
frost and snow occur in winter, even at the sea-level. But 
the highest position of the anow-lim, or that limit above 
which it never thaws, must of course depend on the summer 
temperature. This line coincides with the former only at 
the equator, and, instead of declining immediately therefrom, 
it even rises a little towards the tropics, because their 
maximum or summer heat exceeds the constant heat of the 
equator. Beyond . these limits, however, the line of per- 
petual snow regularly descends, until in the central latitudes 
of Europe (on the Alps for example) it is reduced to 8,000 
feet, on the Norwegian mountains to 5,000, and in the 
Arctic Regions it descends to the sea-level. 

Thus wo see that a certain rate of upward diminution of 
temperature is necessary to the atmospheric equilibrium ; 
but this diminution of temperature produces no currents, 
because the upper strata, notwithstanding their coldness, 
have no tendency to descend, nor the lower and warm 
strata to ascend, because in changing their position they 
would also change their temperature. Currents can only be 
set in motion by a still greater inequality of temperature, by 
the lower strata becoming still warmer, and the upper still 
colder than the heat equilibrium requires. Now, there is 
a constant tendency towards such an increase of inequality, 
because the lower strata are constantly in the daytime 
receiving heat from the earth or sea, made hot by the solar 
rays, while the upper strata are losing heat by radiation 
into space, the constant temperature of which is supposed to 
be 58° below Fahrenheit's zero. 

40. From tliis view of the atmosphere we are able to 
understand the wonderfiil and beautiful contrivance by 
which the winds of the temperate zones are made to miti- 
gate the extremes of temperature, both in the tropical and 
the polar regions. It might be thought that the prevailing 
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winds next tie earth's surface could not have this doubly 
beneficial tendency, but that they must atwaya blow from 
the colder of two parallels into the -warmer, as is the ease 
-with those currents which produce the trade-winds. We 
must now inquire why this law is reversed in nearly all 
places between the latitudes of 30° and 60°, as in this 
country and all over Europe, for example, where the pre- 
vailing winds blow from warmer into colder latitudes. It 
has been already stated (37) that the immediate effect of a 
difference of temperature between two adjoining columns of 
air is to make the warmer column overtop and overflow the 
colder. In fact, all the upper half of the warmer column, 
(or the half in respect of quantify, not height) is rendered 
denser and more elastic than the corresponding parts of the 
cold column ; but this difference of elasticity, which is 
greatest at the top, di mini shea downwards to a certain point 
where the pressures of the two columns are equal, and con- 
sequently there is no wind either way. Below this the dif- 
ference is reversed, the colder column being the more elastic, 
and therefore flowing into the warmer more and more 
strongly as we descend. The trade-winds are thus accom- ■ 
panied by an exactly equal counter-current from the equator 
in the upper half of the atmosphere ; the existence of such a 
current, exactly opposite in direction to that below, being 
abundantly confirmed by travellers who have ascended the 
Peak of Teneriffe, or that of Owhyhee, the only insular 
mountains sufficiently high to reach the upper current. The 
summits of most of the West-India islands, however, ap- 
proach the neutral line of separation between the two cur- 
rents. Indeed, the trade-winds appear to be so much dimi- 
nished there as to be inappreciable above the level of 3,000 
feet, although the other current cannot be felt below 12,000 
feet. The effects of the upper current were strikingly dis- 
played in the volcanic eruption at St. "Vincent, in 1812, the 
ashes of which were carried to Barbadoes; and those of 
Cosiguina, a volcano in central America, have been conveyed 
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to Jamaica in direct opposition to the course of the constant 
trade-wind. Light clouds also, which float at a greater 
height within the tropics than elsewhere, frequently give 
evidence of the same fact. Now it is obvious that this 
upper current, constantly losing heat by its exposure to 
open space, must, after travelling a certain distance, become 
cold enough to descend, and change places with the lower 
current. This change appears to take place usually about 
the 30th parallel of latitude in each hemisphere, which is 
accordingly the outer limit of the trade-winds. Beyond this 
the equatorial current is undermost, and continues to be so 
until it again becomes by contact with the earth sufficiently 
warmed to resume its original position above the colder 
current that proceeds from the polar regions. It will of 
course be understood that the number of these changes that 
may occur between the 30th parallel and the pole will 
depend on difference of season, the amount of radiation from 
the sun and from the earth, the screening effect of clouds, 
and many other local circumstances, and hence the pro- 
verbial inconstancy of the winds over the cooler half of each 
hemisphere ; an inconstancy arising, not from the absence of 
exact laws (for these winds are regulated by laws as fixed as 
those which apply to any other terrestrial phenomena), but 
from the presence of so many disturbing causes, which, as 
they cannot be anticipated, so they cannot be taken into 
account in attempting to generalize the phenomena of these 
winds, — a circumstance which clearly exliibits the folly of 
those half-informed persons who construct weather-almanacs 
for predicting atmospheric changes a year in advance. The 
superior return current from the equator having descended 
at about the 30th parallel commonly continues to be the 
lower current or prevailing wind until it approaches the 
polar circle, where it again rises and is replaced by the polar 
gales, which prevail in high latitudes. These are caused by 
the cold and dense air of the polar regions sinking and 
spreading in every direction, being overflowed by an ingress 
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of warmer air from every side, which, supplies a constantly 
descending cataract of air upon the pole the exact converse 
of the effect at the equator. 

These effects are embodied in one view in Fig. 27, which, 
represents a quadrant of the atmosphere between the pole 
P and the equator at E. At e the heated air ascends and 
forms the upper current until it reaches about the 30th 
parallel where it descends and forms the lover current, 
which it continues to do until it approaches the polar circle, 
where it again rises. At the pole r the arrows are in- 
tended to represent the polar gales descending and forming 
the lower current. On leaving the polar circle, they are dis- 
placed by the warmer return current from the equator, and, 
rising above this, descend at about latitude 30°, and proceed 
to the equator, forming the constant north-east trade-wind 
in the northern hemisphere, and an equally constant south- 
east trade-wind in south latitudes. 

41. But it may be said that this flow of air from the poles 
to the equator ought to produce a constant north wind in 
the northern hemisphere, and a constant south wind in the 
southern hemisphere, at least within a certain limited dis- 
tance of the equator, probably below the latitude of 30°, or 
over the warmer half of the earth's surface. The reason why 
we do not find this to be the case is on account of the 
motion of the earth on its own axis from west to east. The 
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earth being a sphere, the different parts of its surface must, 
of course, move with very different velocities. At the poles 
the motion is nothing, but at the equator it is 1,042 miles 
an hour : in the latitude of 30° it is about 000 miles an 
hour; so that in the belt between the equator and lati- 
tude 30°, the average velocity may be stated at 980 miles 
an hour, while the space lying between 30° and 40° does 
not move at a greater rate than about 850 miles an 
hour. 

Now, as the atmosphere may he regarded as an integral 
portion of the earth's surface moving round with it with 
the same velocity, it follows that the cold current of air 
which sets in from the temperate zones towards tho equator 
not only has a motion north and south in that direction, but 
also a velocity of about 850 miles an hour due to that 
parallel of latitude from which it is withdrawn ; the equa- 
torial regions, however, are moving to the eastward at the 
average rate of 980 miles an hour : the cold air arriving 
into these regions at the slower rate would, on its first 
arrival there, be left behind ; or, in other words, the surface 
of the earth would travel iaster to the eastward than the 
air upon it, and this would produce an apparent or relative 
motion in the air from east to west, that is, an easterly 
wind. Thus the cold current moving towards the equator ia 
influenced by two sources of motion ; the first caused by the 
heat of the torrid zone producing a partial vacuum, to fill 
up which the cold air from the temperate zones rushes in 
towards the equator and at right angles to it ; the second 
source of motion is that which has been communicated to it 
in a direction due east by the rotation of the earth in the 
temperate latitudes it has left. The resultant of these two 
motions ia the south-east trade-wind in south latitude, 
and the north-east trade-wind on the northern aide of th% 
equator. 

When the slower-moving air of the temperate zone first 
arrives at the quick-moving or tropical belt of the earth, the 
K 
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difference of their velocities is great compared with the other 
motion of the cooler air towards the equator ; and conse- 
quently the wind blows at the extreme edges of the trades, 
nearly from the east point. This gradual change in the 
direction of the trade-winds is thus accounted for. ; — As the 
difference in velocity between each parallel and the next 
becomes less and less in approaching the equator, 80 the 
lagging behind of the air, which constitutes its westward 
tendency (or easting as it is called by sailors), becomes less 
and less. The 30th parallel, which moves at the rate of 903 
miles an hour, has a less velocity by 77 miles than the 20th 
parallel, which moves at the rate of 980 miles an hour, 
while the 20th is only 46 miles an hour slower than the 
10th parallel. Thus, the air in travelling from the 30th to 
the 20th parallel must be more retarded, or have more 
easting than that which travels from the 20th to the 10th 
parallel. As the air from the cooler regions drawB near the 
equator, its velocity is checked by becoming heated, which, 
gives it a tendency to rise rather than to flow along the 
surface ; and it is further checked by the meeting of the two 
opposite currents, one from the north and the other from the 
south. 

As every current towards the equator must be rendered 
easterly, so every current from the equator must become a 
westerly wind, because it proceeds from a quick moving into 
a slower moving latitude, and must therefore rotate quicker 
than the part of the earth on which it arrives. And a3 this 
cause operates least powerfully near the equator, and be- 
comes more powerful in receding therefrom, this would cause 
the upper tropical current to become more and more westerly 
as it advances towards the temperate zones ; thus describing 
the same apparent curve as the trade-winds below it, and 
rioving everywhere in a direction exactly opposite to them, 
— a fact which has been established by observation. When 
this upper current first precipitates itself on the earth's 
surface, about the 30th parallel of latitude, it has lost but 
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little of its equatorial velocity, because the only friction to 
which it has been subjected is that of the lower current ; and 
hence the furious westerly gales which are so prevalent 
beyond the limits of the trade-winds, or about latitude 30°, 
in each hemisphere. 

The equatorial limit of the two trades, or the region of 
calms and light variable winds, is subject to continual 
change, depending on the position of the sun. As the circle 
of greatest heat does not coincide with the equator, except 
at the time of the equinoxes, but with a -parallel to the north 
or south of it, it will readily be seen how the whole system 
of tropical winds must to a certain extent follow the sun ; 
that is, the limits of all these winds must advance northward 
in our summer, and recede southward in our winter. Hence 
the regions of calms and light variables is bisected by the 
equator only at the equinoxes. In July and August this 
region is wholly north of the equator, and extends as far as 
12° north latitude, while in January it is, on the contrary, 
almost entirely in the southern hemisphere. Thus, in our 
summer, the southern trade sometimes crosses the equator, 
and advances a degree or two to the north of it ; while, in 
our winter, the northern trade advances nearly up to the 
equator, but never crosses it. The reason for this difference 
is the greater average amount of heat in the whole northern 
compared with the southern hemisphere. Indeed, the line of 
greatest mean yearly heat is situated entirely within the 
northern hemisphere, nowhere approaching the equator 
nearer than three degrees. The phenomena of the winds' 
are, therefore, symmetrical on each side of the line of greatest 
mean yearly heat rather than on that of the real equator. 

The outer or temperate limits of each trade-wind also 
partake of this- northward and southward shifting, because, 
the warmer either hemisphere may be, the farther will the 
upper current travel- into the temperate zone before it 
becomes sufficiently cooled to sink and usurp the place of the 
lower current, which constitutes the trade-wind. Hence 
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there are places situated about the 28th parallel in each 
hemisphere which have a constant east trade-wind during 
their hottest months only, and the above-mentioned westerly 
gales during the cooler part of the year. 

The following figure, Fig. 28, will serve to show the 
prevailing direction of the winds or lower atmospheric 
currents at different parts of the earth's surface, apart from 
the effects of local 
peculiarities, such 
as sea and land 
breezes. The facts 
intended to be im- 
pressed on the 
mind by this dia- 
gram are, 1st,- the 
prevalence of calms 
within a few de- 
grees on each side 
of the equator, 
varied, however, 
by frequent short 
squalls and light 
variable winds from every point ; but, according to Captain 
Basil Hall, mostly from the south, probably on account of 
the general lower temperature of tbo southern hemisphere 
than the northern. 2ndly. The constancy of the trades from 
the 10th to the 28th degree of latitude, their directions 
being polar where they approach nearest the equator, and 
gradually more and more easterly in receding therefrom, 
until outside the tropics they become east. 3rdly. The 
conflict and alternate preponderance of these east winds and 
of west gales about the 30th parallels. 4thly. The pre- 
valence of easterly and equatorial westerly winds from the 
30th to the 60th parallels. Sthly. The prevalence of polar 
gales about the arctic and antarctic circles. 

It is of course impossible in Fig. 28 to show, the upper 
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currents,* which should theoretically blow at every spot, 
nearly contrary to the prevailing lower ones. Free from all 
the irregular disturbances of the earth's surfacej these upper 
currents are supposed to flow with a slow but unruffled and 
undeviating constancy, as seen in the motions of lofty clouds,* 
and confirmed by the experience of aeronauts. Mr. Green 
states, that in this country, whatever may be the direction 
of the wind below, within 10,000 feet above the surface of 
the earth its direction is invariably from some point between 
the north and west. 

42. "We must now notice certain modifications in the 
trade-winds, produced by the presence of large masses of 
land. If the earth, were a uniform mass of water or of land, 
these winds would blow with the utmost regularity ; but as 
the surface of the earth is broken very irregularly by masses 
of land and water, the law of the trade-winds is greatly dis- 
turbed. This is especially remarkable in Mexico and India. 
That part of the Pacific which extends from the Isthmus of 
Panama to the peninsula of California lies between 8° and 
22° N. latitude. The sun's rays striking directly on the 
great territory of Mexico, heat the land strongly, thereby 
causing the air over it to rise ; the vacuum is filled up not 
only from the northward, but also by the comparatively cool 
air of the equatorial regions in the neighbourhood. The air 
coming from tliat part of the globe which revolves quickest 
to a part which moves more slowly, produces not an easterly 
wind, but westerly and south-westerly winds ; so that the 
navigator is often very much embarrassed who expects east 
or north-east winds, according to the usual theory of the 
trade-wind. 

The monsoons of the Indian Ocean are also modifications 
of the trade-winds due to the presence of vast masses of land. 
These winds are called periodical, to distinguish them from 
the trades, which are constant. They blow for nearly six 
months of the year in one direction, and for the other six in 
* These will be found represented in Fig. 27. 
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an opposite direction. The Malays call them moosem, which 
signifies season. These mads blow with the greatest regu- 
larity between Hindustan and the eastern coast of Africa. 
When the sua is south of the equator, from October to 
April, a north-east monsoon prevails; but when the sun is 
north of the equator, from April to October, a south-western 
current is established. When the sua passes the equator, 
and the monsoons are changing their direction, variable 
■winds or tempests generally occur, a disturbance which ia 
called by seamen the "breaking up of the monsoons." 

The theory of the monsoons will bo readily understood 
after the foregoing account of the trades. When the sun 
has great northern declination, the peninsula of Hindustan, 
the north of India and China, being strongly heated, the 
quick-moving air of the equator rushes to the northward, to 
fill up the slower-moving rarefied space ; and this supply 
of air, having not only a rapid velocity towards the east, 
but also a motion from the south, produces the south- 
west monsoon in the Indian Ocean, in the Bay of Bengal, 
and in the China Sea. When the sun, on the other hand, 
has great southern declination, the same seas are occupied by 
air, which, coming from regions beyond the northern tropic, 
has less easterly velocity than the space it is drawn into. 
This gives the air an easterly direction, which, combined 
with its proper motion towards the equator from the north, 
produces tho uorth-east monsooa.* 

* The monsoons are as advantageous to commerce as the trade-winds. 
It is chiefly by means of the north-east and north-west monsoons that the 
voyages of merchant ships from Canton to England are accomplished ia 
the comparatively short period of 120 days ; the distance traversed being 
about 14,000 miles, and the progress of the vessel nearly 120 miles a day. 
The advantages which vessels sailing from Europe to Calcutta, Singapore, 
and Canton derive from the south-west monsoon are also very great, 
although their voyages are much longer. The inhabitants of the coun- 
tries within reach of the monsoons also derive great advantages from them. 
With one monsoon their vessels leave their country, and with the other 
they return to it, the interval between the two monsoons being disposed 
of in selling their cargoes and procuring others for the return voyage. 



Digitized By Google 



LAUD AND SEA BREEZES. 



79 



43. In addition to the grand effects of the trades and the 
monsoons, the heating action of the sun produces a diurnal 
interchange of air in some parts of the world, in what are 
called land and sea breezes. The ocean is but little affected 
by sudden changes of temperature, such as are produced by 
the succession of day and night, and it participates only to a 
certain extent in the alternating temperatures of the seasons. 
Such changes become equalized over large tracts of salt 
water, and serve to temper the rigours of climate on coasts 
and in islands. The land, on the contrary, becomes rapidly 
heated by the sun, and as rapidly cooled in his absence. 
Thus the great continents act as heaters and coolers of the 
atmosphere, and produce those changes in the aerial currents 
already noticed ; and not only continents, but islands of 
moderate size, produce the daily alternation of land and sea 
breezes, so refreshing upon the coasts of hot climates. 
Dining the day the land becomes much more heated by the 
sun than does the adjacent water, and consequently the air 
resting upon the laud is much more heated and rarefied than 
that upon the water. The cooler and denser air, therefore, 
flows from the water towards the land, constituting the sea 
breeze, and, displacing the warmer and lighter air over the 
land, forces it into a higher region, along which it flows in 
an upper current to seaward. At night a contrary effect 
takes place. After sunset the land cools much more rapidly 
than the water, and the air over the shore becoming cooler, 
and consequently heavier than that over the sea, flows towards 
it, and forms the land breeze. * 

The phenomena of land and sea breezes may be well 
* Advantage is taken of tbese breezes by coasters, wbich, drawing less 
water than larger vessels, can approach the coast within those limits 
where the sea and land breezes first begin to operate. Thus a ship of war 
may not be able to take advantage of tbese winds, while sloops and 
schooners may be moving along close to the shore under a press of canvass, 
and be out of Eight before the larger vessel is released from the calm 
bordering these breezes, and friogingfor some time the beach only. Tho 
old navigator Dampicr gives an admirable description of these breezes. 



80 



HILL AND VALLEY BREEZES. 



illustrated by a simple experiment. Fill a large dish -with 
cold water, and place in the middle of it a saucer full of 
■warm water ; let the dish represent the ocean, and the 
saucer an island heated by the sun, and rarefying the air 
above it ; blow out a wax taper, and if the air of the room 
be still, on applying it successively to every side of the 
saucer, the smoke will be seen moving towards it and rising 
over it, thus indicating the course of the air from sea to 
land. On reversing the experiment, by filling the saucer 
with cold water, and the dish with warm, the land breeze 
will be shown by holding the smoking wick over the edge of 
the saucer ; the smoke will then be wafted to the warmer air 
over the dish. 

44. In most mountain districts alternating currents may 
be observed in the atmosphere, which partake of much of the 
nature and regularity of land and sea breezes ; they have 
been distinguished by the name of Mil and valley breezes, and 
as the subject is almost new to science, it may be inte- 
resting to give an example of them.* 

At Nyons, in the department of La Dr&me, a wind has 
been known from time immemorial, under the name of 
Pmilias. It is a cold wind, and rises every evening about 9 
or 10 o'clock in summer, and at G in winter. Its first 
approach is from a narrow, deep, winding gorge, about two 
leagues in length, and extending on one side into the plains of 
the Rhone, near Nyons, and on the other side into a large 
valley, inclosed by the mountains of La Dr&me. The breeze 
increases progressively during the night, until sunrise, when 
it begins to decline in intensity, and finally dies away when 
the ground has been warmed by the sun. This breeze is 
much more cold and violent in winter than in summer, and 
it often produces such a depression of temperature as to 
congeal the moisture of the atmosphere. In summer it has 

* The subject has been raised into the importance which it seems to 
merit by M. Foumet, in the Annate de Chimie et dt Physique for 1840. 
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the effect of a fresh morning breeze. Its regularity is very 
remarkable, although subject to certain disturbances. Thus, 
during the greatest heats of summer, when the short nights 
are not sufficient to cool the surface of the parched ground, 
the Pontiaa is scarcely perceptible. A similar effect is pro- 
duced by a rainy or a cloudy night. Snow, on the contrary, 
appears greatly to favour this breeze. The effect of these 
variations is limited to its progress. In winter, or imme- 
diately before or after rains, it sometimes descends as for as 
the Rhone, a distance of seven leagues; but in summer, 
or during serene weather, it extends to a much shorter 
distance. 

This breeze does not exist in the upper regions of the 
atmosphere, nor even above the bills in the neighbourhood 
of Nyons, but seems to be entirely confined to the defile, at 
the entrance to which stands the town. It does not blow in 
an equal current, but is subject to certain swells at intervals 
of a few minutes, and these are most distinct when an east 
wind opposes its exit ; it then escapes by irregular puffs. On 
ascending the defile, which leads into the upper gorge, the 
force of the wind diminishes in proportion, to the ascent, and 
at length is entirely lost at a certain elevation. 

In connection with this breeze is an upper compensating 
current, called la Vesting, or the bad wind, which, ascending 
the river of Eygues, passes over a defile, and is lost in a 
larger valley. This, wind increases in violence with the heat 
of the day or of the season. 

Thus we observe two breezes periodically opposed to each 
other ; the one a nocturnal breeze, and the other a day 
breeze, blowing in opposite directions, according to the hour 
of the day, and developed entirely by the physical features 
of the locality. M. Fournet has also established the exist- 
ence of hill and valley breezes in other mountain districts of 
France and Switzerland, caused cliiefly by the asperities of 
the soil, producing daily an atmospheric flux and reflux, 
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which manifests itself in ascending and descending breezes 
known in different places by local names. 

45. There is, however, a distinction to be attended to in 
comparing the daily alternations of wind produced by moun- 
tains with those produced by coasts The sea breeze is much 
more general and decided than the nocturnal or land breeze, 
whereas, in mountain breezes, the nocturnal or hill breeze 
seems to be the most regular ; because, although the moun- 
tain summits receive by day more and stronger sunshine 
than the lowlands, yet they also reflect and radiate more 
heat, besides being more cooled by the colder air in contact 
with them, so that on the whole it is doubtful whether they 
would generally become warmer than the plains, so as to 
receive a diurnal breeze from them, except in particular 
localities. But by night everything conspires to reduce the 
temperature of the summits, which, from their isolated posi- 
tion, radiate their heat in every direction through the clear 
rarefied air into boundless space, while the lowlands can 
only radiate their heat upwards and through a denser and 
less transparent air ; and even that which they do radiate is 
often reflected back by a canopy of clouds, so that the noc- 
turnal breeze from the hills must be far more general than 
the diurnal one toward* them. In the case of sea and land 
breezes, on the contrary, although the land must always be 
more heated by day than the sea, thus producing the sea 
breeze, there is no apparent cause why the land, which is a 
worse radiator of heat than water, should ever become cooler 
than the water by night, so as to send forth a land breeze, 
properly so called. The winds so designated appear, there- 
fore, to be truly not land, but MB breezes. We are not 
aware that they are ever felt on fiat shores, such as Deme- 
rara, although this is one of the hottest coasts in the world, 
nor on the flat island of Barbadoea ; but they are felt off 
the neighbouring island of Grenada, which is smaller, but 
mountainous. 

46. Our space will not allow us to notice the interesting 
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phenomena of the winds at greater length j* we must, how- 
ever, just glance at thoso winds which are produced by whirls 
or rotatory movements in the atmosphere of greater or less 
extent, the winds which have hitherto engaged our attention 
being general or periodical winds of the nature of currents. 

Rotatory disturbances in the air display a variety of phe- 
nomena which have been distinguished by various names, 
such as whirlwind, water-spout, sand-spout, sand-pillar, tor- 
nado, white squall, pampero, &c. These terms have been 
applied to rotatory storms of small extent. The hurricanes 
of the "West Indies and the typhoons of the Indian seas are 
whirls of greatly increased extent, often extending from one 
to four or five hundred miles in diameter, and consisting of 
a revolving movement propagated from place to place, not 
by bodily transfer of the whole mass of air which at any 
moment constitutes the hurricane from one geographical 
point to another, but by every part of the atmosphere in its 
track receiving from that before it and transmitting to that 
after it this revolving movement. 

It was formerly supposed, when accounts of hurricanes 
were received, as occurring at different islands on various 
dates, with marked differences also in the direction of.the 
wind, that those violent storms were rectilinear in their 
course, and that such accounts related in most cases to dif- 
ferent storms. Their true nature was first clearly esta- 
blished by Mr. Eedfield, of Hew York, and afterwards by 
Lieutenant-Colonel Keid, Governor of Barbadoes, by con- 
structing charts on a large scale of some of the most remark- 

» The principal phenomena of the winds are brought together in a 
popular form in a little book by the author of this work, entitled " The 
Tempest; or, an Account of the Nature, Properties, Dangers, and Uses 
of Wind in various Parts of the World." Published under the direction 
of the Committee of General Literature and Education, appointed by 
the Society for Promoting Christian Knowledge. In Weale's " Rudi- 
mentary Navigation" will be found an essay by the author of'this work, 
" On the Law of Storms and of Variable Winds, and its Practical Appli- 
cation to Navigation.", 
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able hurricanes on record. In this way a single storm was 
traced successively from one island or locality to another, 
and the direction of the wind at any one point or place was 
found to have no connection with the general progress or 
direction of the storm. For example, one of the tracks thus 
laid down is that of the memorable gale of August, 1S30, 
which passing close by the Windward Islands, visited St. 
Thomas's on the 12th ; was near Turk's Island on the 13th ; 
at the Bahamas on the 14th ; on the Gulf and coast of 
Florida on the 15th; along the coast of Georgia and the 
Carolinas on the 16th ; off Virginia, Maryland, New Jersey, 
and New York on the 17th ; off George's Bank and Cape 
Sable on the 18th ; and over the Porpoise and Newfound- 
land Banks on the 19 th of the same month, having occupied 
about seven days in its ascertained course from near the 
"Windward Islands, a distance of more than 3,000 miles, the 
rate of its progress being equal to 18 miles an hour. Now, 
the actual velocity of the wind in its rotatory movement is 
probably five times greater than this rate of progress, which 
would be equal in a rectilinear course to about 15,000 miles ; 
but the whole length of the track does not exceed 3,000 
miles : we thus have strong evidence of the rotatory nature 
of these storms ; for if the wind move 90 miles an hour, 
and the whirls or eddies wluch constitute the storm move in 
a body at the rate of only 18 miles an hour, it is clear that 
the motion of the wind must be in circles. It is curious 
also that those eddies turn in a direction contrary to tho 
sun's apparent daily motion, and, therefore, in our hemi- 
sphere, contrary to the motion of the hands of a watch, but 
similar to that motion in the southern hemisphere, a result 
which would naturally be expected from their common 
origin, just as two wheels set in motion by anything passing 
between them must necessarily turn in contrary directions. 
The general progress of these storms is always away from 
the equator, and therefore reversed in the two hemispheres ; 
but in both they have first a westward motion, until they 
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escape the influence of the easterly trade-winds, -when they 
turn round in a hyperbolic curve and are drifted eastward 
by the prevailing westerly winds of each temperate zone. 
Throughout their course they increase in size, but diminish 
in intensity, until they are lost in the winds of high lati- 
tudes, the variable and fluctuating nature of which they 
greatly increase, 

Sir John Herschel explains the origin of one of these 
rotatory storms, by supposing a column of air, intensely 
heated at a particular point of the intertropical plains of 
America, to rise bodily from the lower stratum of the atmo- 
sphere with sufficient ascensional force to carry it into the 
upper current, but retaining the full westerly energy which 
it has derived from the earth's rotation. Now nothing is 
more likely than that a ripple in its course should thus 
be produced, and that the portion thus driven upwards 
should, on its return, strike down far below, into the lower 
current. All the conditions necessary for a rotatory storm 
would then arise. A mass of air, animated with immense 
velocity, has to force its way through an atmosphere either 
at rest or moving in a contrary direction : a state of things 
which, in the movements of fluids, is invariably accompanied 
with vortices on one or both sides of the moving mass, which 
continue to subsist and to wander over great tracks long 
after the original impulse is withdrawn. In such vortices 
the motions of translation and rotation may have any pro- 
portion ; but the former ia usually slow compared with the 
latter. An illustration of this kind may be witnessed at a 
mill-dam when the sluice is closed so as to allow the water 
to escape at some small hole. A funnel-shaped depression 
will appear on the surface, in which air descends, often to 
the actual hole of escape, though many feet below the sur- 
face, but often also as an interrupted column. Al l the 
movements of a rotatory storm are here represented by the 
revolving fluid. So long as the hole is kept open, it retains 
a fixed position, at least at the lower extremity, fluctuating 
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only by a bend of the column. But if tbe hole be closed, it 
immediately begins to wander, continuing often a long time, 
but gradually retreating upwards. 

47. It must be obvious that all these atmospheric cur- 
rents, depending as they do entirely on the variations of 
elasticity brought about in different parts of the atmosphere 
by the solar heat, must be most intimately connected with 
the indications of the barometer. As the tendency of all 
these currents is to establish equality of pressure over the 
earth's surface, it was formerly supposed that the mean height 
of the barometric column would be found equal in every part 
of the world. Numerous careful and long-continued registers 
of its height, however, kept at various spots distant from 
each other, have shown a decided though very small local 
variation of this element, and the dependence of this varia- 
tion on the latitude .we will now endeavour to explain. 

The atmospheric pressure is greatest at, or at a short dis- 
tance beyond, the tropics, or about the outer limit of the- 
trade-winds, where the mean height of the barometer is 
about 30 inches. From this point it declines both towards 
the equator, where it is about 29-9, and also towards high 
latitudes. In England, for example, it is reduced to 29-8, 
and it continues to fall at about the same rate to the highest 
latitudes that have been reached. But towards the South 
Pole, as appears from the expedition under Sir J. C. Ross, the 
fall appears to increase rapidly, so much so, that in the Ant- 
arctic regions the mean pressure is reduced even below 29 
inches ; but it must be remembered that this is only the 
mean of three summers, and may possibly be compensated by 
increased pressure in winter. 

The maximum of mean pressure occurring just outside the 
tropics, is referred by Professor Darnell, with great proba- 
bility, to the obstruction caused by the meeting and crossing 
of the two main currents as already described (41), which 
must produce an accumulation of air upon that parallel 
where it occurs. 
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But the mean local pressure appears to depend less on 
latitude than on the proximity of great masses of land or 
water, it being highest in the interior of continents and 
lowest on the Pacific. Captain King, in a voyage on that 
hemisphere of waters, having observed the barometer five 
times a day for five months, obtained a mean of only 29*162 
inches. Connected with this fact is the lower mean .pres- 
sure in the Antarctic regions than in the Arctic, and also the 
well-known fact of the barometer on the borders of conti- 
nents (as in this country) standing lowest during moist 
winds, or those which come from the ocean, and highest 
during the dry winds from the continent. 

48. This brings us to the fact, that the local differences 
between the mean pressure observed at the most distant 
parts of the globe are very trifling compared with the varia- 
tions constantly occurring at most places, indeed all places, 
outside the tropica. Thus in this country we have at the 
sea-level the mercury not unfrequently rising to 30 - 5 inches, 
and sometimes falling to 28'5. . This difference of two inches 
indicates a difference of about a pound per square inch in 
the atmospheric pressure, so that we need not wonder that 
delicate persons feel the change, when the pressure on their 
body is increased or diminished in this manner by a few 
hundredweights. 

These fluctuations in the barometer are by no means of 
equal extent in different places. Their amount increases 
greatly with the latitude, being much greater at St. Peters, 
burgh or Stockholm than in London, while in warm latitudes 
it is greatly diminished, and within the tropics becomes not 
only so small as to escape the notice of unscientific persons, 
hut assumes a totally different character from that which it 
has in cold and temperate climates. This difference We will 
proceed to explain. 

49. The fluctuations occurring in extra-tropical latitudes 
are so fitful as utterly to defy all attempts to reduce them to 
rule, that is, to any periodical order. Indeed, this must be 



Digitized by Google 



88 



THE BAROMETER IN THE TROPICS. 



obvious from their generally acknowledged connection with 
the 'wind and weather, the uncertainty of which is proverbial. 
But in the torrid zone, where this uncertainty, as regards 
two elements at least, namely wind and temperature, is re- 
placed by the most clock-like regularity, the barometric 
changes, although so small as to be scarcely perceptible to an 
indififerent observer, partake of the same perfect regularity. 
Unaffected 1>y the utmost extremes of wet or dry, It gives no 
indications of the approach of the equinoctial 'deluges, or the 
solstitial drought ; it is thrown aside by the planter as a 
useless instrument, nevertheless its small daily oscillations 
go on with the regularity of a clock. Scarcely once in a 
man's life, at any one spot, does the mercury undergo a 
decided disturbance, and that not greater than occurs in 
England before a slight thunder-shower, but such a disturb- 
ance is the sure and rapid precursor of one of these stupen- 
dous atmospheric convulsions, which, in the extent of their 
disastrous effects, are scarcely exceeded by the greatest 
earthquakes. The importance of observing the barometer 
at sea, within the tropics, cannot be overrated. There are 
many instances recorded of ships saved from otherwise cer- 
tain wreck, by the rapid fall of the mercury giving notice of 
an approaching hurricane. 

But to return to the ordinary oscillations; it is found 
that, totally unconnected with changes of weather, these 
oscillations occur like the tides of the ocean, twice in every 
twenty-four hours, only with this difference, that they are 
purely solar tides, or those arising from the action of the sun 
only, not soli-lunar, or those arising from the combined ac- 
tion of the sun and moon. They have no variations of spring 
and neap; and instead of their' rise and fall occupying half a 
lunar day,* it occupies only twelve hours; or half an ordinary 
solar day, the two maxima of pressure always occurring at 
the same hours, namely, at 9 o'clock A.M. or p.h., and the two 
* The mean length of the lunar day is 24* bV 21". 
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minima each at about 3 o'clock a.m. or p.m. This is, there- 
fore, a tide not produced by gravitation ; for if it were, the 
sun's effect would, as in the oceanic tides, be masked by the 
greater effect of the moon ; but being dependent solely on 
the sun's position, this atmospheric tide must be due not to 
his attraction, but to his heat. The manner in ■which this 
power acta so as to produce two opposite and equal protube- 
rances of the atmosphere, is beset with difficulties, and cannot 
yet be said to be even partially understood; but the facts are 
nevertheless of the greatest interest to science. 

50. In speaking of the semi-diurnal oscillations, we must 
always be understood to refer to what takes place at the 
level of the sea, because on an eminence their effect is neces- 
sarily partly disguised by the super-addition of that diurnal 
oscillation deduced above, the period of which being 24 
hours, it must have the effect of making these 12-hour tides 
appear alternately unequal; and this inequality is greater the 
higher we ascend. 

The extent of the semi-diurnal oscillation is found to be 
greatest at the equator, where it averages more than -j^th of 
an inch, and it diminishes to — ^ths of an inch in lat. 30° ; 
being, however, in both situations greater in the hottest 
months than in the coolest. Beyond the limits of the trade- 
winds, these oscillations being still further diminished, are 
exceeded in extent (and therefore entirely masked) by the 
irregular fluctuations so familiar in our climate. These 
fitful variations, unknown within tho tropics, increase pro- 
digiously in extent as we recede therefrom; and as the 
regular oscillations, on the contrary, diminish, they are of 
course soon lost in, or confounded with, these irregular 
ones. 

51. But although thus disguised so as to be no longer 
recognisable by simple observation, this regular tide still 
flows and ebbs amidst all the irregularities of the pressure in 
temperate climates. The proof of this is simple and elegant. 

i2 
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"We have only to examine a barometric register kept at 
stated hours (at least twice a day) for a long period, to take 
the average of each set of observations made at the same 
hour, and by comparing these averages, it is found that the 
mean height' at about 9 o'clock a.m. is greater, and that at 
about 3 o'clock p.m. less than at any other hour. In this 
climate, and in summer, the mean of a few weeks is sufficient 
to elicit this fact. In winter, or in higher latitudes, the 
greater extent of the irregular fluctuations requires a longer 
series to enable them to neutralize each other. In this way 
it is found that, however disguised by irregular disturb- 
ances, the regular atmospheric tide still obtains throughout 
the temperate zones, although greatly dinuinshing in extent 
from the tropics to the Polar circles, near which it becomes 
altogether imperceptible. Among the many theories pro- 
posed to account for these oscillations, that of Professor 
Daniell is the most satisfactory. It is too complex to be 
introduced here, but we may observe that he deduced from 
it not only the entire disappearance of these tides at a certain 
latitude far short of the Pole, as above stated, but also that 
in higher latitudes a much smaller tide ought to appear at 
exactly the contrary hours, that is, flowing from 9 to 3, and 
ebbing from 3 to 9 ; and an examination of the register kept 
for this purpose in Captain Parry's Second Arctic Expe- 
dition, has actually given such a result, although its amount 
is so very small, only a thousandth of an inch, that con- 
sidering the great extent of the irregular fluctuations, it is 
very doubtful whether the observations were continued long 
enough to give a fair average. 

52. This principle of obtaining the mean of many observa- 
tions made under circumstances bearing a certain resem- 
blance, and comparing this mean with the mean of many 
others made without that particular resemblance, is the key- 
stone of the meteorological arch, the sole method of accumu- 
lating that mass of material by which the infant science of 
meteorology is to be nourished. It is only by such averages 



Digitized by Google 



effects OP lotah attraction. 91 

that the diurnal tide, observable only on eminence, (50), can 
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This subject -will be- noticed presently (56), but we must 
first make a few remarks on the use of the barometer as a 
weather-glass. 

64. This instrument could not have been long observed 
before the discovery that its fluctuations had some unknown 
connections with the changes of the weather in temperate 
climates, especially as regards wind and rain ; a high state 
of the mercurial column generally occurring in the finest or 
calmest weather, and a depression of it during rain and 
storms. Hence, by a too hasty generalization, it was sup- 
posed that the fineness of the weather was exactly pro- 
portional to the atmospheric pressure, and, accordingly, such 
"words as " fair," " changeable," " rain," die, were engraved on 
the scale, which words have only served the purpose of' 
bringing a really invaluable instrument into disrepute, by 
making it promise that which it is incapable of foretelling. 

The reason why the atmospheric pressure is generally 
greater in dry situations, and in dry states of the weather 
than in moist ones, is still very obscurely known. We 
cannot even touch upon it in this place, because its consider- 
ation would require on the part of the reader a knowledge of 
the laws respecting vapour, anfl we prefer that he should gain, 
from this little book a tolerably complete knowledge of the 
barometer, than an imperfect idea of the barometer and 
the hygrometer ; but we may observe that a due attention 
to both these instruments will lead to more accurate pre- 
dictions respecting the weather than can be obtained by the 
use of either of them singly. Indeed, the barometer used 
alone has, as we have endeavoured to show, a for more direct 
application to the theory of winds than to that of rain.* Its 

* Mr. Belville appears to coincide with this view, and accordingly has 
given a set of rules, connecting the phenomena of the barometer with the 
direction of the wind, and also with the appearance of the clouds, according 
to Howard's nomenclature. Mr. Belville also gives a table showing the 
mean height of the barometer at noon for Greenwich, for every day in the 
year, deduced from thirty consecutive years' observations, viz. from 1815 
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application to the latter is only indirect, and far from being 
understood theoretically ; still, however, the average of a 
large number of observations made at different tunes, and in 
different places, has furnished rules -which deserve soma 
degree of reliance. 

The most important fact to be remembered is, that the 
state of the weather to be expected la not so much connected 
with the absolute height of the column as with its motion, 
whether rising or Jailing. In order to observe this most 
important fact an upright barometer is necessary, since the 
upper surface of the mercury cannot be seen in a wheel 
barometer. If .the mercury have a convex surface the 
column is rising ; if it is concave it is falling ; when it is 
flat it is generally changing from one of these states into the 
other (33). 

A fall in the mercnry generally indicates approaching 
rain, high winds, or a thunder-storm ; hut it is remarkable 
that snow is more frequently preceded by a rise than by a 
fall "With this exception, however, a rising state of the 
mercury commonly indicates the approach of fine weather. 
A very high wind, especially from the S.W., whether accom- 
panied by rain or not, is perhaps connected with the lowest 

to 1841, and reduced to 32° Fahr. The following are the monthly means 
from this table : — 



January 29"909 second maximum. 

February 29-859 

March 29-857 second minimum. 

April 29865 

May 29-884 

June 29-910 maximum. 

July 29-894 

,Auguet 29-890 

September 29-872 

October 29-851 

November 29-801 minimum. 

December 29-884 



The mean annual pressure for noon at Greenwich is 29-872 inches. 
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state of the barometer.* In England a N.K wind ia 
more conducive to a high state of the mercury than any 
other. 

When the mercury rises or falls steadily for two or three 
days together, it is generally found that rather a long con- 
tinuance of settled weather will follow ; rainy in the latter 
case, and fine and dry in the former. By the same rule fre- 
quent fluctuations in the height of the column are found to 
coincide with unsettled weather. 

55. Many persons are fond of entering the height of their 
barometers in a register once or twice a day for years to- 
gether, and make no further use of these registers than to 
exhibit them to their Mends as curiosities, and point out a 
remarkably low state of the barometer at one period, and 
contrast this with a remarkably high state at another period. 
It may be thought a harsh word, but it is a fact that, as far 
as science is concerned, these registers are no better than 
waste paper j whereas they might be made of inestimable 
value by taking out the monthly and animal means, and 
sending them for publication to some local newspaper, or to 
any scientific journal of repute. Persons who have a tole- 
rably good instrument, and the leisure and inclination for 
these observations, should make their entries at the proper 
hours of the day, and these are indicated by the instrument 
itself (49, 51). The maximum height of the column is about 
9 . o'clock A.M., the mean at 12, and the minimum at 3 P.m. 
If a person can afford time to make three observations every 
day, he should select these hours. If he can only make two 
observations, the proper periods are the very convenient 
hours of 9 A.M. and 9 p.m. If he can make only one obser- 
vation, noon is the time. Professor Daniell remarks, that 
those who merely consult the barometer as a weather-glass 
would find it an advantage to attend to the three above- 

* Mr. Bclville states that the lowest depressions of the barometer occur 
with the wind at S. and S.E., when much rain falls, and frequently short 
and severe gales blow from these points. 



Digitized 0/ Google 



MEASUREMENT OF HEIGHTS. 



95 



mentioned periods, for he has noticed that by much the 
safest prognostications for this instrument may be formed 
from observing -when the mercury is inclined to move con- 
trary to its periodical course. If the column rise between 
9 A.M. and 3 p.m., it indicates fine weather; if it fall from 3 to 
9, rain may be expected. 

56. The measurement of heights was the first useful pur- 
pose to which the barometer was proposed to be applied, 
preceding even its application as a weather-glass ; and in 
this respect it is certainly more to be depended on than any 
predictions as to the weather made from it, even for only a 
few hours in advance. This application was suggested by 
the results of experiments performed by Torricelli' and 
Pascal, that the mercurial column diminished in height on 
ascending above the level of the sea. But, at the outset 'of 
this inquiry, Pascal fell into a great error by supposing the 
atmosphere to be of equal density throughout, and that as 
the whole atmospheric column supported about 30 inches of 
mercury, all that was necessary was to observe the depression 
of the mercury on ascending a mountain, and then, by com- 
paring the relative weights of mercury and air,* to ascertain 
the height of the mountain.' The error, however, was soon 
discovered. Halley showed that the density of air decreases 
in a geometrical progression, while the elevation increases in 
an arithmetical progression ; that is^ if at a certain height 
the density was half that at the earth's surface, it would be 
one-fourth at twice that height ; one-eighth at thrice that 
height, and so on ; and Mariotte, about the same time, 
having deter min ed that the pressure of aerial fluids is 
exactly proportional to their density when the temperature 
is equal (9), it was clearly proved by Halley that the ratio 
of decrease in the pressure was different from that of the 
increase in the heights. Indeed, if the upward diminution 
of the temperature be equal for equal ascents (39), it may be 
shown, for heights which are in arithmetical progression, 
* This has beta determined by Bio t and Arago to be 10,40G to 1. 
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that the elasticity diminishes in geometrical progression like 
the density, but rather more rapidly. 

Now, the relation between an arithmetical and a geome- 
trical progression is the same as that between a series of 
logarithms and their natural numbers ; and it occurred to 
Halley to apply a common table of logarithms to the solution 
, of these questions. It was necessary, however, to fix the 
unit of his two series, ■which he did by calculating that the 
height at which the atmospheric pressure is exactly half that 
at the earth's surface must be about 3£ miles. That is to 
say, although the atmosphere may extend to the height of 
45 miles, yet its lower half is so compressed as to occupy 
only %\ miles, so greatly do the upper portions expand when 
relieved from pressure. 
Hence at the \ 
height of ) ^ miles, 7 miles, 10£ miles, 14 miles, &c 

th.^ticitjofthej 
atmosphere is J 

Halley was induced, by certain mathematical considera- 
tions, to fix upon the number 62,170 as a constant multi- 
plier, and the rule for the measurement of heights may be 
stated as follows : — Observe the height of the barometer at 
the earth's surface, and then at the top of the mountain, or 
other elevated station ; take the logarithms of those num- 
bers, and subtract the smaller from the greater ; multiply 
the .difference by 62,170, and the result is the height in 
English feet. This process gives a very near approximation, 
especially in temperate climates. 

Bat the progress of science soon rendered it evident that 
a correction for temperature was necessary in barometrical 
measurements, and a formula has been contrived to meet 
most of the difficulties of the question. The following rule 
will be found of easy application : — Multiply the difference 
of the logarithms of the two heights by the barometer, by 
63,946 ; the result is the elevation in English feet. Then, 
in order to correct for temperature, take the mean of the 
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temperature at the two elevations; if that be 69-68° Fair., 
no correction is necessary; if above that quantity, add 
ij-gth to the -whole height found for each degree above 
69-68°; if below, subtract the same quantity, for example : 
Humboldt found that at the level of the sea, near the foot 
of Chimborazo, the barometer stood at exactly 30 inches, 
while at the summit of the mountain it was only 14-85. The 
logarithm of 30 is 1-4771213, and the logarithm of 14-85 is 
1-1717237 ; then subtracting 

1-4771213 
1-1717237 



0-3053976 

Multiply this by 63,946, which produces 19,539 for the ele- 
vation in feet. If the mean temperature of the two stations 
were 69-68°, no correction is necessaryfor temperature. This 
is a tolerably close approximation : the most careful calcu- 
lation has given 19,332 for the real height, and this was 
probably estimated for a lower temperature. 

A method has been given by Leslie for measuring heights 
without the use of logarithms. His rule is as follows : — 
Note the exact barometric pressure at the base and at the 
summit of the elevation, and then make the following pro- 
portion : — As the sum of the two pressures is to their dif- 
ference, so is the constant number 52,000 feet to the answer 
required in feet. Suppose for example the two pressures 
were 29-48 and 26-36 ; then 

As 29-48 + 26-36 : 29-48 — 26-36 : : 52,000 feet : 2,905-4 
feet, the answer required. 

, This rule has been found applicable to -the mean tem- 
perature of our climate for all heights under 5,000 feet, and 
is therefore available for all the elevations in Britain. The 
barometer should be furnished with a vernier for reading off 
hundredths of an inch (24), as a difference of -Jgth of an inch 
will indicate from 88 to 100 or 110 feet, according to the 
E 
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density or pressure. Of course the results are not perfectly 
but only approximatively true. 

57. Fig. 29 contains a -scale of the most remarkable 
heights and depths, compared with the probable height of 
the atmosphere. . The horizontal lines show the heights to 
■which a barometer must be carried to make the mercury 
sink to the number of inches indicated in the right-hand 
column. Thus, supposing the pressure at the sea-level to be 
equivalent to 30 inches of mercury, at the height.of two 
miles (as shown on the left-hand scale) the pressure will be 
reduced to about 20 inches (as seen by the right-hand scale), 
showing that at this height the barometer is relieved of 
$rd of the ordinary pressure, or, in other words, that -|rd of 
the whole mass of air is situated below this level. It will he 
seen also that at five miles (which is about the height of the 
highest peaks of the Andes and Himalaya) the pressure is 
only equivalent to 11 inches; and at 5^ miles to about 
10 inches ; so that only $rd of the atmosphere (as regards 
quantity) is situated above that level. The lines marked 
10 and 20 inches, therefore, divide the whole atmosphere 
into three layers, containing equal quantities of air ; and, by 
the same reasoning, it will appear that all the horizontal 
lines in the figure divide it into 30 layers of equal mass, so 
that their extreme inequality of space will give a correct 
idea of the enormous compression of the lower strata by the 
weight of the upper y the upper 30th part, for instance, 
occupying more space than all the remaining -f^ths. The 
plane which divides the atmosphere into two equal halves 
(or which is marked 15 inches in our figure) will be ob- 
served to be at the height of about 3-^ miles, or 18,000 feet. 
Humboldt and Bonpland ascended on the side of Chimborazp 
a little above this level ; and in balloons the barometer has 
sunk sometimes to 12 inches, showing that the aeronants had 
risen above fths of the atmosphere. 

By applying a pair of compasses to the right-hand scale, it 
will be found that the distance from the 30 to the 15 inch 
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level is the same as from the 20 to the 10 inch, from the 10 
to the 5, from the 2 to the 1, from the i to the 2, or from 
any other number to its half or double. So also the distance 
between any number and its triple is the same as between 
any other number and its triple ; and the same is true of any 
other multiple : the distance between 30 and 6, for instance, 
is equal to that between 20 and 4, between 15 and 3, or 
5 and 1. Now, this is the property of a logarithmic scale 
(such as that engraved on the carpenter's sliding rule), -viz., 
that numbers having equal ratios are found at equal distances 
apart ; just as in a table of logarithms, any pairs of natura 
numbers that have equal ratios are found opposite to pairs of 
logarithms that have equal differences, so that numbers in 
geometrical progression have their logarithms in arithmetical 
progression. 

This law, then, that the elasticity of the air diminishes 
upwards in a geometrical progression, for heights that 
increase in arithmetical progression ; or that the pressures at 
different heights vary as the numbers of which those heights 
are the logarithms, is the foundation of the method of mea- 
suring heights by the barometer. This law, although pre- 
served at the greatest accessible heights, cannot remain true 
throughout the atmosphere, because in such case it could 
have no limit, for there would be no height at which the 
pressure could be reduced absolutely to 0, so that air in an 
inconceivably rarefied state would extend even to the moon 
and the planets, which is certainly not the case ; and indeed 
various reasons lead to the conclusion that it ceases alto- 
gether under the height of 100, and, in all probability, under 
50 miles.* Even at 20 miles, it must be rarer than the 

* Calculations founded on the duration and appearances of twilight (a 
phenomenon due entirely to the atmosphere) give for its height values 
varying from 45 to 90 miles. No certain conclusion can, therefore, be 
drawn from these ; but by a different calculation, depending on a more 
careful collation of the observations made on the Andes and in balloons 
respecting the upward decrease of temperature and pressure, M. Blot has 
been led to infer that the elasticity and density become 0 at a height not 
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vacuwm produced by the best air-pump, and at 5 miles pro- 
bably too thin, to support animal life. 

58. In addition to the aerial currents of varying degrees 
of intensity, which constitute all the varieties of wind, there 
are other movements carried on conjointly with the former, 
not less important to us, and even more wonderful. These 
are the vibratory motions by which sound is propagated ; and 
there is something very astonishing in the precision and dis- 
tinctive character of these ae'rial pulses. Amidst the multi- 
plicity of sounds which fill the air, there is no difficulty in 
naming the source of each. The ringing of bells, the hum of 
insects, the song of birds, the lowing of cattle, the rattle of 
cart-wheels, the roar of the cataract, and the rolling of 
thunder ; all these and a thousand other sounds are, as it 
were, daguerreotyped in the air, and represent to us their 
source with characteristic distinctness. They do not confuse 
or bewilder us, for although apparently mingled together, we 
can separate them and attend to any one ; wo can lay that 
down and attend to another ; and what is perhaps of far 
greater consequence, we can recognize our friends and 
acquaintances by the sounds of their voices alone, for , no two 
friends have the same voice, any more than the same coun- 
tenance. And then bow wonderful is the power we possess 
of shaping air into words, by which we express our thoughts, 
our wants, our instructions, our promises, our affections to 
others, by which we regulate the actions and influence 
the judgment of others. All this ia very wonderful, and 
science can take us a very little way indeed in explaining 
the timbre or characteristic qualities of different sounds. We 
have also no means of measuring the different intensities of 
sounds. We have numerous instruments for measuring the 
effects of heat, electricity, atmospheric pressure and vapour ; 

exceeding 30 miles. Other philosophers calculate the height at from 40 
to 50 miles. The phenomena of twilight may also be accounted for 
without supposing so great a height as 45 miles ; which is. therefore more 
probably above than below the truth. 

k2 
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but we have no Sonometer for measuring the intensity of 
sound, because we do not know what effect of sound can be 
taken as the true measure of its intensity. A similar 
objection applies to Photometers, or Ug}ii^measurers. 

The conditions necessary to the production and propa- 
gation of sound were noticed in a former treatise.* A body 
in a state of stable equilibrium is disturbed therefrom by 
a certain impulse. It should here be remarked, that me- 
chanicians distinguish two kinds of equilibrium, stable and 
unstable.^ Both alike are produced by the marked neu- 
tralization of different forces, but with this difference — that if 
a body in unstable equilibrium be moved ever bo little, so as 
to leave a portion of force unbalanced, this force will urge 
the body further and further from its original position, and 
it will not rest until it has found a new position of equili- 
brium. But a body in stable equilibrium not only tends to 
preserve its position unaltered, but to return thereto when 
disturbed within certain limi ts, because tbe force thus 
brought into activity does not tend to drive it farther, but 
to bring it back to its former position. But the momentum 
thus acquired will not allow it to stop here. It will (if we 
disregard all loss of momentum by its transference to other 
bodies) proceed as far beyond the position of equilibrium as 
it was disturbed therefrom at "first, and will thus continue to 
vibrate or oscillate through an equal space on each side of the 
position of equilibrium. And it would do so for ever, were 
it not for the action of what are called retarding forces or 
resistances, such as friction, resistance of the aw, Ace. ; or, in 
other words, the motion is shared among gradually increas- 
ing quantities of matter until its intensity becomes inap- 
preciably s m al l . 

59. The vibrations or oscillations thus produced are 
usually communicated to the surrounding air, which com- 
municates corresponding vibrations to the ear, which reeog- 

* Introduction to Natural Philosophy, sees. 15, 43, U. 
t See Rudimentary Mechanics, sees. 16 to 21. 
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nizes them as sound, provided they be very rapid. The 
modes of vibration are very different in different bodies. 
We have already seen how a bell vibrates ;* let us now in- 
quire into the modes of vibration of a string stretched 
tightly between two fixed points, a, b, Tig. 30. On draw- 
ing the string aside with the finger, as in the guitar and 
harp, or with a bow, as in the violin, or with a hammer, as 



Fig. 30. 
C a 




in the piano, the force employed converts the right line A b 
into a curved one, A a b. Now, it is obvious that the line 
A a b is longer than A B, and the string, in order to occupy 
the longer path, must have its fibres or particles separated 
or strained somewhat further apart. The moment the dis- 
turbing force ceases to act, the string, by its elasticity, re- 
covers its position a b, but the momentum it hna acquired 
carries it almost as far on the other side of A B as the original 
displacement, namely, to A b B. The friction of the air and 
the fixed points a b diminish the momentum of the Btring, 
so that on the rebound it .reaches only to A c B, thence to 

A (I B, the oscillations Still go on, dimini shing to a e b, to 

A / b, and, finally, to a state of rest. 

The motion of any one point in this -string is seldom 
merely backwards and forwards in a straight line, or even 
in an ellipse, but more fre- 
quently it describes such Ki g . 31. 
curves as that shown at C, 
Kg. 30, or those in Fig. 31, 
indicating actions of ex- 
treme complexity, arising 
from the various unknown 
molecular forces of the solid. 

* Introduction to the Shady of Ntttnul Philosophy, sec. 15. 
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60. How, it must bo remarked, that whether these vibra- 
tions be large or small they are performed in equal times, 
because the farther the string is removed from the position 
of rest the greater ia the elastic tension, and consequently 
the greater the momentum and velocity with which it re- 
turns to its original position ; and these two elements, the 
extent of the displacement and the rapidity of the return, 
are found to increase in exactly the same ratio, a law which 
applies also to the oscillation of the pendulum. 

Every passage of the string over the line of rest a b, 
Fig. 30, is called a vibration, and the mode of comparing 
two or more velocities of vibration is to choose some small 
unit of time, such as a second, and to calculate the number 
of vibrations which occur in such unit, 

61. During every vibration of a sounding body the air 
participates in its motions, and conveys to the ear a wave of 
Bound. Wo have endeavoured to represent in Fig. 32 what 

Fig. 32. 




Pi 



takes place in the air during the ringing of a bell. Every 
vibration of the bell sends forth a circular wave which 
spreads in every direction. Now, as these vibrations are 
isochronous, or equal-timed, all the concentric circles are 
equidistant, like those which proceed from the place where a 
stone has been dropped into water. Such waves spreading 
through the air, and therefore breaking upon the ear at 
equal intervals, constitute a musical note. In a miss, or un- 
musical sound, the waves follow each other like those of the 
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sea, -with no regularity either in their intervals or their in- 
tensities. The more regular they may be, the more clear 
or musical is the sound. The waves of sound are of course 
not circles but spheres, not spreading in one plane only, but 
upwards, downwards, and on every side. 

It is farther necessary, to constitute a musical note, that 
the waves succeed each other at least sixteen times in a 
second, otherwise they will be each heard separately, consti- 
tuting a rattle. But when they are just too rapid to be dis- 
tinguished separately, they form a very low musical note ; 
and the more rapid the higher will be the note. A shrill 
whistle is due to several thousand vibrations in a second. 

62. Now, let us suppose the number of vibrations of a 
certain string to bo 100 in a second. On shortening the 
string we increase the number of vibrations per second in 
the very same ratio (inversely) ; so that it will, if shortened 
exactly one-half, Lave its vibrations exactly doubled : it will 
vibrate 200 times in a second, and this will yield a note 
exactly an octave higher than the former one.* 

63. But if, instead of varying the length of the string, we 
vary the tension or force with which it is stretched, we get 
different results, for the rapidity of vibration is found to be 
increased as the square root of the tension. Let the string 
be arranged as in Fig. 33, where one end is fixed securely by 
a peg ; the string then 
passes over a wedge a, and a 

pulley 6, and is stretched by ^E=HA 

a weight, the effective vi- 
brating length of the string 
being that situated between 
the two points of support. Let us suppose the string to 
vibrate 100 times in a second. Now, in order to mate the 

* By doubling the thickness of a cylindrical string, we obtain four 
timea the bulk or mass, and we get the number of vibrations doubled in 
the same space of time. Ia order, therefore, to study the effect of length 
only, we must have strings of the same thickness. 
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vibrations twice as rapid, -we must increase the weight fowr 
times : to make them three times more rapid, the weight must 
be increased the square of three, or nine times, and so on. 
The same arrangement will also prove the fundamental tact, 
that below a certain rapidity of vibration no sound ib pro- 
duced. If the stretching weight be very small, the vibrations 
will be sufficiently slow for the eye to follow them, and if 
the number be less than 16 in a second no sound will be 
beard. 

64. The reader may be surprised at the number of vibra- 
tions made by these strings in a second, and may wish to 
know by what means these high numbers are ascertained. 
We will endeavour to inform him ; but first it is necessary 
to remark, that the same note produced on any musical in- 
strument is due to the same number of vibrations per 
second. Thus the tenor c, which is produced by a string 
vibrating 256 times in a second, as in a piano, is also pro- 
duced in the flute by a column of air vibrating the same 
number of times per second, and also in the human voice by 
two chords (called the cfionke vocalea) contained in the upper 
part of the windpipe, also vibrating the same number of 
times per second. And however different the quality of 
these notes, as given by different instruments, may be, they 
all agree in fitch, and this is determined by rapidity of vi- 
bration. 

65. There are various methods of determining the num- 
ber of vibrations per second required for the production of 
any note. An ingenious little instrument, called the Syren, 
has been invented for this purpose. It is represented in 
Fig. 34, in which A is a cylindrical chamber of brass. In 
the instrument used by the writer, this chamber is 3 inches 
in diameter, and 1-| inch high. A pipe B, 3^ inches long, 
screws into an orifice in the lower part of this chamber, and 
fits the tube of a double pair of bellows, or other machine 
capable of supplying an equable blast of air. The upper 
surface of the air-chamber, which is called the table, is 
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pierced with 25 equidistant holes 
arranged in a circle. A disc o, about 
1^ inch in diameter, containing the 
same number of holes as in the 
table, and coinciding with them, is 
supported by a vertical axis d, having 
one bearing below the top of the 
chamber A, and the other in the 
box E. The disc c is so placed as 
just to turn freely without touching 
the table, and the holes through it 
are bored in a sloping direction, aa 
shown in Fig. 35, while those in the 
fixed table slope the contrary way, 
so as to deliver the wind in the di- 
rections shown by the arrows, and 
thus turn the disc after the manner 
of a smoke-jack. 

The vertical axis d is furnished at its ^^^/"/J^&fv 
upper extremity, where it enters the box % f ""a) 
E, with a perpetual screw, which gives ^^K^^^^ 
motion to a wheel furnished with 100 
teeth, and its axle bears one of the hands of the dial shown 
in front of the box. A single cog on this axle also acts on 
another wheel of 40 teeth, turning the other index, which 
accordingly moves over one of the 40 divisions of its dial for 
every complete revolution of the former index, which revolu- 
tion corresponds to 100 revolutions of the discc. Now, it is 
obvious, that during each turn of this disc, the currents of air 
through it are cut off and reopened 25 times. The circle of 
holes, both in the disc and in the fixed table, being equidis- 
tant, they are all opened and all closed simultaneously, like 
the apertures of a revolving ventilator; and the hands and 
dials afford an exact register of the number of these openings 
and shuttings up to 25 x 100 x 40 = 100,000. The 
wheels are fixed to the front plate only of the box E, and this 
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plate can be shifted through a small space sidewise, so as 
to throw the wheels out of gear in. a moment. 

When this instrument is placed in connection with a 
double bellows, the stream of air enters the chamber, where 
it undergoes a slight condensation : it escapes rapidly through 
the holes in the table, forming a series of oblique jets which 
set the disc in motion with a rapidity depending on the 
strength of these currents; and as the air is strongly pro- 
pelled when the apertures of the table and of the disc coin- 
cide, and is suddenly arrested between each coincidence, it 
follows that each of these alternations agitates the surround- 
ing atmosphere, so that each revolution of the disc produces 
25 waves of sound. These waves originate simultaneously 
from each of the 25 holes ; for if either the fixed or the 
moving plate had only one hole (the other having 25), it is 
evident that the blast would flow and be arrested the same 
number of times, and would therefore produce the same note, 
but with less intensity. The use of having 25 holes in each 
plate is simply to strengthen the note without changing its 
pitch, on the same principle that the three strings given to 
each note of a grand pianoforte, without making the pitch of 
the notes differ from that of a single-stringed harpsichord, 
improve the power and quality. By regulating the force of 
the blast, and consequently the speed of rotation of the disc, 
sounds may be produced from the gravest to the most acute. 
Let us suppose that, by means of tliis instrument, we wish to 
ascertain the number of vibrations necessary to the produc- 
tion of a note yielded by an organ-pipe. For this purpose 
the pipe is screwed into the upper table of the bellows which 
supplies air to the syren. The action of the bellows will 
cause this pipe to sound, and its pitch, as will be explained 
presently, will not be altered whether the blast be moderate 
or strong. In the syren, however, the disc will rotate slowly 
or rapidly in proportion to the strength of the blast, and the 
resulting note is acute in proportion to the rapidity of rota- 
tion. It will be easy to regulate the blast so as to make the 
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syren yield a note strictly unisonant with that of the organ- 
pipe ; and we know that notes in unison of the same pitch 
are due to the same number of waves or vibrations per 
second. Now, as the dial-plates of the syren indicate the 
number of waves generated during the time the wheels are. 
kept in gear, it is obvious that this number, divided by the 
number of seconds during which they were so kept," will give 
the number of vibrations per second for the note under con- 
sideration. A pendulum beating seconds must therefore be 
at hand. 

A moderate degree of practice in the use of this instru- 
ment will enable the observer to determine the absolute 
number of vibrations per second necessary to the production 
of any given note without a greater error than one vibration 
in five seconds. Such observation may be prolonged during 
several minutes, and thus any small error arising from irre- 
gularities in the mechanism will scarcely appear in the result. 

The syren may be set in action by the flow of air or gas 
from a gasometer, or by means of a stream of water. When 
plunged entirely in water, it will yield the same tones as in 
air, a circumstance which suggested to the inventor the 
name of this instrument. 

Variations in the number, the form, and the size of the 
apertures of the rotating disc produce corresponding varia- 
tions in the quality of the resulting notes ; the pitch or 
rapidity of vibration may remain the same, but the quality 
or timbre may be very different. This is occasioned by some 
ill-understood connection between the molecular constitution 
of bodies and the sounds which tbey emit, whereby we are 
able to call things by their right names from their sounds. 
It is a moat obscure and difficult subject, and the variations 
in timbre in the syren do not serve to enlighten it. If the 
spaces between the apertures in the rotating disc be very 
small, the tones approach in character to those of the human 
voice ; if the spaces be large, the tones resemble those of a 
trumpet. A number of experiments with the syren seems to 
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show that the extreme limits of the human voice in males 
vary from 384 to 1266 vibrations per second, and in females 
from 1152 to 3240. The highest note in music is about the 
14th c* (five octaves above the middle c of the pianoforte), 
.and this is due to 8,192 vibrations per second; but much 
higher tones can still be heard. Savart has produced tones 
due to 48,000 vibrations per second. 

66. Let us now inquire further into the relation between 
musical pitch and the rapidity of vibration. It has been 
already stated (62), that whenever two notes differ by an 
octave, the upper is due to two vibrations for every one vibra- 
tion of the lower note ; and as 8,192 vibrations per second 
produce the note called c, it follows that the next c below 
this contains 4,096, the next 2,048, the next 1,024, then 
512, 256, 128, 64, 32, and 16 vibrations per second, the last 
number being generally considered the lowest note in music, 
and is also C, being nine octaves below that first mentioned. 

67. It would thus appear that in any series of notes taken 
at equal intervals, or in arithmetical progression (according 
to the musical notation), the vibrations really increase or 
diminish in geometrical progression ; for that which the mu- 
sician calls equal intervals or differences of pitch, actually indi- 
cates equal ratios between the times of the vibrations. But 
although this is true not only of the intervals called octaves, 
but also of those called thirds, fourths, fifths, &a. (if perfect), 
yet it is not true of those called single tones ; for, if we inter- 
polate six geometrical means between any note and its 
octave, these will not be the six intermediate notes used in 
music. The reason for this is as follows : — 

We have said (61) that, to constitute a musical note, the 
waves or pulses of air must recur in a regular manner. They 
need not be all equal in intensity or at equal intervals, but 
their whole cycle of changes (if any) must occupy a very 
short fraction of a second, and recur in exactly equal periods. 

* So called from its number of vibrations per second, being the 14th 
power of 2, or 2" - 8,192. All other powers of 2 alao give the note c. 
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Now, when two notes are heard together, they cannot form 
a compound sound, fulfilling this condition, unless their 
times of vibration bear a simple numerical ratio to each 
otter, so as to have a short common multiple which forma 
the cycle of changes above mentioned, and must not be 
longer than <^th of a second. Accordingly, all the intervals 
called Jiarmonie arise from some very simple ratio between 
the vibrations, as, for instance, the octave already men tioned ; 
the jifih, when 2 vibrations of one note exactly correspond to 
3 of the other ; the third, when 4 vibrations correspond to 5 ; 
the. fourth, when they are as 3 is to 4, &c. ' But two vibra- 
tions which are incommensurable, or have no common multi- 
ple (or a very long one), produce by their combination such 
a total irregularity, however regular they may each be sepa- 
rately, that the compound loses all musical character, and 
becomes a mere noise. 

Hence we see that it is the object of the musician to fix 
on such notes as may afford, among themselves, the greatest 
number of simple commensurable ratios. This object would 
be entirely defeated by a geometrical progression (that is, by 
dividing each octave into equal intervals), for no geometrical 
means that can be inserted between any number and its 
double will be commensurable with those numbers, or 
with each other ; so that all notes thus chosen must be 
discordant. 

But the required object is Lest attained by inserting 
between a note and its octave, or double vibration, six other 
notes which are respectively due to 1$, 1£, I£, 1£, 1£, and 1£ 
more vibrations per second than the lower note, which is 
called O, or Do, while the others represent the remaining 



notes of the gamut, namely, 

D E F 

Re Mi Fa, 



Sol 




Si. 



Hence, supposing that whatever be the number of vibrations 
per second necessary to produce the note o, we agree to 
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represent it by unity or 1, then the numbers necessary to 
produce the other seven notes of the octave above will be as 
follows : — 

d = }, e = {, p = {, o = }, A = |, B c = 2. 

It will be observed, that the seven intervals or tones are 
by no means equal, for these numbers do not form a geome- 
trical progression. Thus the ratio between c and d is that 
of 8 : 9, while that between D and B is rather less, namely, 
as 9 : 10 ; the next, or that between e and r, is only as 
15 : 16 ; the next, or that between f and o, as 8 : 9 ; that 
between a and a, as 9 : 10 ; that between a and B, as 8 : 9 ; 
and the last, or that between e and C, is only as 15 : 16. 
Thus we see that the intervals between £ and f, and between 
B and c, hardly exceed the half of each of the other intervals. 
Hence the reason that these two intervals do not, like the 
others, admit of subdivision into semi-tones. 

68. A very remarkable proof of the vibratory nature of 
sound is heard when two notes very nearly, but not quite 
unisonant, are sounded together, A periodical interruption 
of tbe sound called a beat, occurs at intervals, which are 
longer the nearer the two notes approach to perfect identity, 
and may often be as long as half a second or more. To 
understand this, we must remember that each pulse or 
vibration of air consists of two contrary motions to aadjro. 
Now, if one source of sound tend to produce the forward 
motion exactly when the other source would excite a back- 
ward motion, and vice versa, the two, if equal, will annihilate 
each other, and two sounds vfill produce silence. But with 
two notes, very slightly differing in pitch, this must occur at 
certain regular periods, between which the contrary effect 
takes place, and the two vibrations coincide so as to reinforce 
each other. The effect is precisely similar to that which is 
seen when two very regular sets of parallel lines, one having 
rather wider spaces than the other, are superposed. Thus, 
two iron gratings or railings, Fig. 36, which, though really 
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of equal intervals, are made to appear slightly different from 
the effect of perspective, produce the appearance of broad 
beats, or alternations, in one of which the bars coincide and 
conceal each other, while in the next they fall into each 
other's intervals. Or to take a closer analogy from the 
sense of hearing instead of that of sight : if we listen to a 
train drawn by two locomotives whose driving wheels differ 
slightly in size, their beats are heard distinctly for a few 
seconds, they are then lost in confusion for a short time ; 
they are again heard distinctly, and again blended together 
alternately. Now, suppose any vibrating body to strike the 
air 100 times in a second and another 104 times in the 
same space, the latter will produce a sound about one-third 
of a tone sharper than the former ; the waves of sound will 
coincide and reinforce each other 4 times every second, and 
will oppose, and, if equal, will destroy each other 4 times in 
the same period, thus producing as audible beat about as 
rapid as that of a watch. 

60. In our introductory treatise on Natural Philosophy, 
we have shown the method by which the velocity of sound 
in air has been ascertained. At the temperature of 62° 
sound travels at the rate of 1,125 feet per second. It has 
been stated (61), that when a given note is sounded in air, 
the sound is propagated in waves similar in character to 
those which may ' be so beautifully studied when the wind 
is blowing over a field of standing corn. (See Fig. 37.) Now, 
when it is said that sound travels at the rate of 1,126 feet 
per second, it is not meant that the particles of air move 
through that distance any more than the ears of corn travel 
from one end of the field to the other ; it is only the /oral of 
l 2 
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the iwe -which so travels. It is the same with the particles 
of air ; their individual movement is confined within narrow 
limits, hut the effect of this movement is propagated from 
particle to particle with the rapidity of 1,125 feet per 
second. As soon as the particles first disturbed have moved 
to such a distance as their elasticity will permit, they return 
to their former position, and acquire in so doing a momen- 
tum sufficient to carry them a certain distance in the oppo- 
site direction, and by this means an oscillating or vibratory 
movement is established. Each particle is disturbed a little 
later than the one preceding it, and thus the particles are in 
different states of motion, some moving onwards while others 
are moving backwards, the two sets being separated by par- 
ticles at rest, or in the act of turning from the completion of 
one movement to commence the next. Now these turning 
sets of particles are alternately more condensed and rarefied 
than in their natural condition. (See Fig. 32.) Those 
which have just commenced their backward motion are rare- 
fied as the ears of corn at ii it B, Fig. 37, and those which are 
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beginning their forward motion are condensed as at o o c. 

This has given rise to the term wave of sound, a wave 
being understood to include particles in all the various states 
of vibration, each wave being exactly similar to all the others 
for any given note. The length of a wave is the distance 
between any two particles which are in precisely the same 
stage of vibration. It matters not whether we measure it 
from the most forward to the most forward set of particles, 
or from the most backward to the most backward set ; or 
from one place of greatest rarefaction to the next, or from 
one place of greatest condensation to the next ; just as it is a 
matter of indifference, in estimating the length of a wave of 
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■water, whether it he taken from one devotion to the next, or 
from one depression to the next. 

Waves of water do not all travel with the same speed, 
their speed heing proportional to the square root of their 
length, so that, the slower or less frequent the oscillation, 
the faster does it travel ; those of the ocean, for instance, 
travel faster than those of the English Channel, and these 
than the waves of a river. 

Waves of air, however, whatever their frequency, all 
travel with the uniform speed of about 1,100 feet in a 
second. Hence, when we know their frequency, or how 
many of them arrive at and pass a fixed point in a given time 
(such 'as a second), we may at once find their length, which 
is 1,100 feet divided by their number per second. Thus, 
the C above the tenor c is produced by 512 vibrations per 
second ; 512 waves fall on the ear in that time, during which 
each would travel 1,100 feet, so that thia distance contains 
612 waves, each of which must accordingly occupy about 
2 feet 1 inch. Consequently, every time this note ia 
sounded on any instrument, the air which conveys this note 
to our ears is thrown into waves, each of which measures 
about 2 feet. All the innumerable particles of air between 
us and the instrument form a scries of little pendulums, the 
amplitude of whose oscillations depends on the loudness of 
the sound, and is, in all cases, very minute ; but the distance 
from each particle to the next, which is in precisely the 
Bame part of its oscillation as from C to.C or n to B, Fig. 37, 
depends entirely on the pitch, and is, in this case, about 
2 feet. In the same way we find the waves of the gravest 
note to he about 64 feet long, and those of very shrill sounds 
to be less than an inch.* 

* A very curious effect of sound when the observer h in rapid motion 
was brought before the notice of the British Association in 1848, by- 
Mr. Scott Russell. He found that the sound of a whistle on an engine, 
stationary on a railway, was heard by a passenger, travelling in a train in 
rapid motion; to give a different note, in a different key from that in 
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70. When waves of sound meet any fixed surface tolerably 
smooth, they are reflected according to the law of equal 
angles of incidence and reflexion.* In this way echoes are 
produced. Between two parallel surfaces a loud sound is 
reflected backwards and forwards, and several echoes are 
audible. "When the parallel surfaces are much nearer toge- 
ther, as the walls of a room, although a larger number of 
echoes are produced, yet they follow each other too rapidly 
to be distinguished, and as they arrive at the ear after 
equal intervals, they produce a musical note, however un- 
musical the original noise may have been. Hence all the 
phenomena of reverberation. The pitch of the note depends 
solely on the distance of the two walls that produce it, and 
may be calculated therefrom. 

A noise may also produce a musical echo by being re- 
flected from a large number of equidistant surfaces receding 
from the ear, so that the sound reflected from each surface 
may arrive successively at equal intervals. Thus a shrill 
ringing will be heard on stamping near a long row of pali- 
sades. A fine instance of the same kind is said to occur on 
the steps of the great pyramid. If the distance from edge 

wliinh it was heard by the person standing beside it. The same remark 
applies to all sounds. The passenger in rapid motion hears them in a 
different key, which might be either louder or higher in pitch than tho 
true or stationary sound. -Now, as the pitch of a musical sound is deter- 
mined by the number of vibrations which reach the ear in a second of 
time, if an observer in a railway train move at the rate of 56 miles an honr 
towards a sounding body, he will meet a greater number of undulations 
in a second of time than if he were at rest, in the proportion which his 
velocity bears to the velocity of sound. But, if he move from the sound, 
ing body, he will be overtaken by a smaller number in that proportion. 
In the former case he will hear the sound a semitone higher, and in the 
latter a semitone lower than the observer at rest. In the case of two 
trains meeting at this velocity, the one containing the sounding body and 
the other the observer, the effect is doubled in amount. Before the 
trains meet the sound is heard two semitones too high, and, after they 
pass, two semitones too low, being a difference of a major third. 
* See Introduction to Natural Philosophy, sees. 33 and 45. 
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to edge of each step were two feet one inch, tbe note yielded 
would be the tenor C, because each echo having to go and 
return, would be four feet two inches later than the previous 
one, which is the length of the waves of that note. But as 
the steps gradually diminish in size upwards, the echo, if pro- 
duced and heard at the bottom, must gradually rise in pitch. 

These facts explain the principle of those wind-instruments 
in which there is no vibrating solid. The vibrating body is 
not the pipe, but the air contained in it. An agitation pro- 
duced in the air at one end of the pipe is communicated to 
the other end, and reflected backwards and forwards from 
end to end, producing isochronous (or equal-timed) impulses, 
the frequency of which depends entirely on the lengOi of the 
pipe. Hence all organ-pipes of the same length yield the 
same note as to pitch, its quality only being affected by the 
form or material of the pipe. It will thus be at once per- 
ceived that the lowest C (the waves of which are 64 feet 
long) requires a pipe of 32 feet to produce it ; and that all 
notes, from this to the shrillest whistle, are easily calculated, 
by dividing 550 feet by the length of the pipe. 

71. Some very remarkable effects of sound are produced 
in the phenomena of sympathetic vibration, numerous in- 
stances of which must be familiar to the reader. If a flute be 
sounded in the same room with a piano, the notes of the flute 
will cause some of the wires to vibrate. The waves of sound 
set in motion by the flute produce motion in those very wires 
which yield the same notes as are being played. If the voice 
be pitched to the same note as that yielded by a glass goblet, 
the former will set the latter ringing. And to take a still 
more remarkable instance, if two pendulum clocks standing 
against the same wall be both wound up, and one set going 
while the other is at rest, the small vibrating impulses of the 
going clock will gradually communicate motion to the pen- 
dulum at rest, and in the course of some hours the latter will 
be found in full swing. 
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72. It will be seen from the foregoing surrey, that the 
atmosphere, like a vast and complicated machine, haa a 
variety of movements, the result of omniscient design. Some 
of the latest and most valuable discoveries respecting the 
motions of the aerial currents beautifully illustrate a passage 
in Scripture : " The wind goeth towards the south, and 
turneth about unto the north ; it whirleth about continually, 
and the wind returneth again according to his circuits." # 
Amidst all the mutations of science, it is cheering'to the 
student to notice, that no sooner is a natural law brought to 
light, and fairly established, than we immediately perceive 
its harmony with sacred truth. Whatever discrepancies may 
seem at present to exist, arise from the imperfection of our 
knowledge of natural laws, and will, as science advances, gra- 
dually be cleared away. 
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OS THE ANEMOMETER,* 

It is a matter of considerable importance to mechanical 
science to be able to determine the velocity or force of the 
■wind. Its direction in indicated by that ancient instrument, 
the weathercock, which consists of a vane of thin metal (for- 
merly made in the shape of a cock, whence the name), and 
an arrow, turning freely at the upper extremity of a fixed 
vertical rod, the vane being on one side and the arrow on 
the other, so that the vane takes a position in the direction 
of the wind, and the arrow points to the quarter from which 
it blows. The first instrument invented for the purpose of 
measuring the force of the wind seems to have been by 
Dr. Croune, in 1667 ; but this did not answer the purpose 
intended. Better instruments were invented by Wolfius 
and other scientific men during the last century ; but as their 
most valuable features have been preserved in modern in- 
struments, it is not necessary to notice them here, further 
than to state, that in most of these contrivances the velocity 
of the wind was measm-ed by its mechanical effects. The 
compression of a spiral spring, the elevation of a weight 
round a centre acting at the arm of a variable lever, were the 
chief means employed to balance, and consequently to mea- 
sure, the force of the wind. The spring, however, which, 

* From aw/ioc, the wind, and jifrpoi', a measure. We ore indebted 
for thia essay chiefly to the work entitled " The Tempest," already re- 
ferred to at p. 83. 
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from its simplicity, has been commonly used, is liable to this 
objection, that it diminishes in elasticity by frequent com- 
pression, and thus the scale by which its force is ascertained 
must be constantly varying. To remedy this defect, there 
has sometimes been substituted for the spring a bag of air 
communicating with a glass tube in the form of a lengthened 
U, containing a liquid, which is depressed in one leg and 
raised in the other in proportion to the compression of the 
air in the bag, thus affording a measure of the compressing 
force. Leslie's anemometer depended on tbe principle, that 
the cooling power of a stream of air is equal to its velocity. 
Another instrument depended on the evaporation of water, 
the quantity evaporated in a given time being proportional 
to the velocity of the wind. The raising of a column of fluid 
above the general level of its surface is the principle of 
Dr. Lind's anemometer, Fig. 38. It consists 
of two glass tubes, about 9 inches long and Fig. 38. 
■^ths of an inch in diameter, connected at jp^rv . 
their lower extremities by another tube of jj" 
glass only -^th of an inch in diameter. To J I 
the upper extremity of one tube is fitted a 
thin metal cap, bent at right angles, so that 
its mouth may receive the current of air in 
a horizontal direction. "Water is poured in J \\ 

at the mouth till the tubes are nearly half : 'E1 
full, and a scale of inches and parts of an 
inch is placed between the tubes. "When the t % jl 
wind blows in at the mouth of the cap, the ' WW 
column of water is depressed in the tubo .JL^e-i/ 
below the cap, and elevated to a similar 8T, ) 
extent in the other tube, so that the dis- 
tance between the surfaces of the fluid in | 
each tube is the length of a column of 
water, the weight of which is equal to the force of the wind 
upon a surface equal to the base of tbe column of fluid. The 
object of the small tube which connects the two larger ones 
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is to prevent the oscillation of the fluid by irregular blasts of 
wind. The absolute velocity of the wind is deduced from the 
height of the column of water, or it may be ascertained from 
the tables constructed for the purpose. Thus, according to 
Dr. Lind, a column of water 0'025 inch, or a fortieth of an 
inch high, exerts a pressure of rather more than 2 ounces 
1 drachm upon a square foot of surface, and balances the effect 
of a gentle wind moving at the rate of about 5^ feet in a 
second, or not quite 4 miles an hour. When the column of 
water is one inch high, the force of the wind on a square 
foot is nearly 5^ lbs., its velocity 32£ miles an hour, and its 
character high wind. "When the column marks 3 inches, 
the force is upwards of 15£ lbs. on the square foot, the velo- 
city above 561 miles per hour, and the character a storm. 
At 9 inches the force on the square foot is stated to be 
46 lbs. 14 oz., the velocity 97^ miles an hour, producing a 
most violent hurricane. Thus it will be observed that in 
the greatest storms the difference between the atmospheric 
pressures on the windward and leeward sides of any object 
does not amount to -fath of the pressure of the leeward 
aide, for that is capable of supporting a column of about 
33 feet of water. 

Of late years the most common forma of anemometer 
are those by Dr. Whewell and Mr. Osier. The general 
arrangement of Whewell's anemometer will be understood 
from Fig. 39, in which it will be seen, that, by means of a 
vane, a windmill fly is constantly presented to the wind 
in whatever direction it may blow, and the fly of course 
revolves with greater or less rapidity, according to the 
velocity of the carrent. An intermediate train of wheels, 
set in motion by the fly, causes a pencil to descend over 
a fixed cylinder, leaving thereon a trace of variable length, 
according as the wind is more or less strong. 10,000 revo- 
lutions of the fly cause the pencil to descend only J^th of an 
inch. The surface of the fixed cylinder is japanned whito : 
and is divided into 16 or 32 equal parts by means of vertical 
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lines, the intervening 
spaces corresponding to 
16 or 32 points of the 
compass, and a mark left 
by the pencil upon one 
or more of these spaces 
shows the direction of 
the wind. The pencil 
has two motions, the 
first from above down- 
wards, and this increases 
in rapidity as the wind 
blows more strongly, and 
by the extent of its de- 
pression registers the 
whole amount of wind 
that has been blowing. 
The second motion de- 
pends on the changes in 
the direction of the 
wind, and the pencil 
and its frame being car- 
ried round by the vane, the direction is registered by this 
cross movement. In this arrangement, therefore, the vane, 
the windmill-fly, the intermediate train of wheels, and 
the pencil, all obey the direction of the wind ; while the 
cylinder which marks the points of the compaas remains 
fixed, so that the pencil, in descending and moving about 
with the wind, thus traces an irregular line on the cylinder. 
If the fly revolve in the simple proportion of the velocity of 
the wind, the length of line marked by the pencil is propor- 
tional to the space which would be described by a particle 
of air in a given direction in a given time, such as one day, 
taking into account the strength of the wind and the time 
for which it blows. 

The line marked by the pencil upon the cylinder is not a 
single line, but a broad irregular path. This is occasioned 
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by the ■wavering of the wind. The vane ifl in almost con- 
stant motion, swinging to and fro through an arc often not 
less than a quarter of a circle ; but the middle of the line 
■which gives the mean direction, can readily be ascertained, 
while the length of the line is in proportion to the product 
of the velocity of the wind and the length of time during 
which it blows in each direction, which product is called its 
integral force. 

The amount of friction in 'this machine is very consider- 
able, arising from perpetual screws working in toothed 
wheels, for the purpose of converting the rapid motion of 
the fly into a slow, descending, vertical motion, again 
carried out by a thread turning within a moveable nut. 
There is also the friction of the pencil, attached to this 
nut, pressing with sufficient force to leave a trace on the 
fixed cylinder. Hence, when the force of the wind is smalL 
the fly would experience a greater amount of comparative 
retardation than with strong gales. 

Osier's anemometer traces the direction of the wind and 
its pressure on a given area, together with the amount of 
rain, on a register divided into 24 portions, corresponding 
to the 24 hours of the day. A portion of one of these 
register-papers is shown, Fig. 40, the central part of which 
is marked with a series of lines corresponding to the cardinal 
points of the compass. This is for indicating the direction 
of the wind. The upper portion of the paper registers the 
pressure, and is graduated by a series of lines corresponding 
to the pressure in pounds on the square foot. The lower 
portion of the paper registers the quantity of rain. The 
whole length of the paper is divided for the hours of the 
day into 24 parts, by lines crossing the former at right 
angles. A new register-paper is placed on a board, and 
accurately set every day, and the board is carried along by 
means of a clock mechanism, behind three pencils A, b, c, 
which may be considered as the fingers or indexes of the 
machine. The board, which is placed upright, as in the 
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pressure- plate r, and drive a cog-wheel, which, by roiling on 
a fixed cogged circle, turns all the rest of the apparatus 
round, till the vanes are presented edgewise to the current, bo 
as not to be turned by it either way, when the pressure-plate 
being at right angles to the vanes, is acted on with full effect. 
As the vanes turn in the direction of the wind, a spiral worm 
on the shaft, near its lower end, raises or lowers the nut N, 
Fig. 40, which does not turn round, and from which hangs 
the arm carrying the middle pencil B, which thus traces a 
mark on one of the long lines of the register, if the wind be 
blowing towards one of the cardinal points, or a mark be- 
tween these lines, if it be blowing from intermediate points, 
such as N.N.W., N.W., &c, which may be represented by 
fainter lines parallel with the others. 



oslek's anemometer. 



135 



The method by which the pressure-plate p, Fig. 41, is 
always made to face the wind, has been already described. 
This plate is sus- 
pended by means of Fig. 41. 
four flexible springs, 
each of which is dou- 
ble, and consists of 
a delicate spring, to 
be acted on by gentle 
winds, and a stronger 
one to receive the 
pressure of violent 
winds. By this means 
currents of only one 
mile an hour are mea- 
sured, and the pres- 
sure of the wind in 
violent gales is also 
recorded. The motion 
of the plate is com- 
municated to the re- 
gister below by a wire 
connected with the 
, bell-crank c, with another wire descending through thi; 
hollow upright shaft, and kept stretched by a spiral spring. 
To this wire is attached the upper pencil c, Fig. 40, which 
thus descends lower the more the pressure-plate P is pushed 
back, and returns to the top of the paper when the pressure 
ceases. The distance to which the pencil is thus depressed, 
represents by means of a scale of parallel lines, shown in 
Fig. 40, the pressure of the wind in pounds on" the area of 
one square foot, or its velocity in-miles per hour. 

The pencil A registers the rain in a similar manner. The 
rain, after fallin g into the vessel D on the roof, flows into a, 
one of the two divisions of a gauge balanced on an axis, and 
supported by a second -balance. As the water accumulates, 
m2 




126 DIRECTION, DURATION, AND FORCE OF THE WIND. 

this second balance begins to descend, and so raises the up- 
right rod to which the lever v a is attached. This lever f a 
carries the pencil which hy this action is raised, showing 
upon the lowest set of parallel lines the quantity of water 
collected in the gauge. When this quantity becomes equal 
to a certain depth of rain, or to a certain number of cubic 
inches on a foot square, the small gauge oversets, the water 
is discharged, and the other compartment H of the gauge is 
brought under the pipe. The pencil then returns to ite 
first position at the bottom of the paper, and begins to riae 
on the scale as the rain is collected. In a trace of thia kind 
it will be seen that, the more rapidly the rain falls, the 
sharper will be the angles formed by the trace of the pencil ; 
but if the rain be slow and gradual, the elevating or diagonal 
lines will be drawn out into a considerable length; and 
when no rain falls, a horizontal line will bo drawn, as shown 
in Tig. 40, from VI. to i after VIII., and from X £ to I 

It will be seen, then, from this arrangement, that as the 
register is constantly and hourly moved along behind the 
three pencils, a continued record or trace of the direction 
and pressure of the wind, together with the amount of rain, 
is left on the paper. Figs. 40 and 41 are intended to 
convey a general idea of Mr. Osier's arrangement in the 
Royal Exchange, Loudon, where the register-paper is made 
to last a week. When the author visited the Meteorological 
Observatory 'at Greenwich a few years ago, he noticed that 
the register was placed horizontally on a table, and, being on 
a larger scale, it was changed every day. 

By means of such an instrument we ascertain the direc- 
tion, the dwation, and the force of the wind. It is necessary, 
however, for>the purposes of science, that the integral of the 
wind be deduced from each point of the compass ; that is, to 
ascertain the entire quantity of wind which lias blown from 
each point during a given period. Now if the force of the 
wind were constant, the integral would be obtained by multi- 
plying the length of time that the wind is blowing by the 
velocity with which it moves. 
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The integral of the wind, or the total quantity as mca- 
sured by its intensity and duration jointly, may be thus 
illustrated. If the intensity or force of one wind be to that 
of another as 2 to 3, and if the former wind last C hours, 
and the latter only 2, the integral of the former is double 
that of the latter, for it has blown twice as much air over 
tjie place ; for supposing the second wind to be opjiosite to 
the first, it must blow for 4 hours before it will carry back 
all the air which the first had blown over. The integral, 
therefore, is proportional to the product of the mean in- 
tensity or velocity, and the duration multiplied together. 

In a similar manner the area of a rectangle is propor- 
tional to its length and breadth taken jointly. Now if wa 
have such a figure, whose length represents the duration of 
the wind, while its breadth represents the force or velocity, 
as this force is constantly varying, the breadth of the figure 
must also vary, in order 'that its area may still represent the 
integral of the wind correctly.' It is the object of Osier's 
anemometer to describe such a figure. In W he well a instru- 
ment, on the contrary, the integral is represented simply by 
the depth which the pencil descends. In this instrument no 
attempt is made to record the time dining which each wind 
blows, the times of its changes, or its force at any given 
moment, but merely the order of its changes of direction, and 
the integral or entire quantity that blows from each point, 
or rather from each rhumb or division of or 22-J°. This 
is shown by the length of pencil-trace described in each vertical 
division of the cylinder measured vertically, not following 
the windings of the track. These windings must he neg- 
lected as far as they are confined to one rhumb or division, 
the centre of which corresponds to one of the l*or 32 points 
of the compass. All winds, therefore, not deviating more 
than 5J-° from any one of these points, if 32 be used, or 1 li° 
if 16 be used, are regarded as blowing exactly from that 
point. This is a defect common to all anemometers now 
in use, but by increasing the number of subdivisions, the 
results will be more accurate. 
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Having obtained, by means of Kg. 42. 

WneweH's instrument, the inte- 
grals or lengths of line described 
by the pencil in each division 
during a certain period, we may 
lay down these lengths, or pro- 
portionate ones, in their proper 
order and direction, so as to form 
a continued crooked line, "which ^ 
expresses all the quantities and 
changes of the wind, and is called 
the type of the wind for that par- 
ticular place and period. Fig. 42 
represents the type of all the wind 
that blew over Plymouth during the month of Angust and 
part of September, 1843. Such a line may be regarded as the 
path that would have been described by a vessel drifting 
npon a still lake during that'period, provided it moved with 
a speed always bearing a constant ratio to that of the wind. 
If the two ends of this line be joined by a straight line, this 
will show the direction of the resultant or average effect of 
all the winds felt at Plymouth during that period, whiqh 
in this case is N. 23° R, or about equivalent to a S.S.W, 
wind. This average direction is not the prevailing direction 
of the wind, or that in which it most commonly blows ; for 
the prevailing winds may be very gentle, and the greater 
force of those from the opposite quarter may more than 
compensate for their shorter duration, so that the average 
direction as regards the integral, or time and intensity taken 
jointly, may be very different, or even opposite to the average 
direction, if Mme alone be considered. In this country, how- 
ever, both these averages have nearly the same direction ; the 
latter, or time average, being equivalent to a wind blowing 
from some point between S. and W. ; and the former, or true 
average, though apparently very variable when the resultants 
of different months or seasons are compared, yet in the type 




REGISTER OF THE W1HD. 



129 



of a whole j-ear, its general direction is found invariably to 
run northward, and mostly eastward from the starting- 
point. In the present state of the inquiry there is some 
discrepancy between the results obtained by different instru- 
ments j "Whewell's placing the mean direction for three years 
nearer N. than K, while Osier's makes it nearer E. than N. 
The latter is more likely to bo correct, because in "Whewell's 
instrument the velocity of tbe windmill-fly does not bear a 
constant ratio to that of the wind, but is more than propor- 
tionately faster in a quick than in a slow wind, so that the 
distance which the pencil descends being proportional to the 
revolutions of the fly, cannot correctly represent integrals of 
wind ; that is to say, the spaces through which it descends 
during two successive periods do not necessarily bear the 
same ratio to each other as do the quantities of wind that 
have passed over the instrument during those two periods. 
This objection is surmounted in Osier's instrument, which is 
driven by a clock, and merely directed-or regulated by the 
wind. 

But if Osier's instrument is more correct than Whewell's, 
it is more difficult to represent the results in the useful form 
above described. If the instrument be in perfect order, the 
upper trace made on the paper by tbe pencil c, Fig. 40, should 
be such that its ordinates* are proportional to the velocity of 
the wind ; that is, the ordinates at any two different moments 
should bear the same ratio to each other as did the velocities 
of the wind at those two moments. In this case the total 
amount of wind passing over the instrument during dif- 
ferent periods, will be proportional to the areas of the por- 
tions of curve traced during these periods ; that is to say, tbe 
spaces contained between the curve, tbe base-line, and tbe 
two ordinates at tbe beginning and end of each period. It 
is only by measuring and comparing these areas, that we can 

* The ordinate of any point of the curve, is its least, or perpendicular 
distance from the ajis, or base line, which in this case is the top of the 
paper. 
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obtain the proportion of the integrals of wind during different 
periods of time. 

To lay down a type of the wind similar to Fig. 42, we 
must divide the periods in such a manner, that during 
each period the direction of the wind may have been 
constant or confined within certain limits, such as two 
rhumbs or 22£°, or one rhumb, 11^°. For this purpose, that 
part of the register-paper which registers direction must be 
divided by 16 or 32 longitudinal lines, so that when the 
vane points to any one of the 16 or 32 principal points of 
the horizon, the pencil B may rest midway between two of 
these lines. We must then note all the points where the 
pencil-track intersects these lines, and from every such inter- 
section raise a perpendicular to the top of the paper ; these 
perpendiculars will evidently divide the upper curve, or that 
of force, into portions, each of which may be regarded as 
belonging to one wind only ; for during its description the 
wind did not deviate more than 5i° (if we use 32 points, or 
11£°, if we use only 16), on either side of a certain point. 
By ascertaining the areas of these different portions, and 
drawing lengths of line proportional to those areas, placing 
those lines in their proper directions and in their proper 
order, we may obtain a type of the wind more correctly than 
by the method before described. 

The integrals of the wind have hitherto been referred to 
only as relative quantities, admitting of comparison only 
with each other. They have, however, absolute values easily 
comparable with our common standards or measures. If a 
pressure-plate, acting on a spring, as in Osier's anemometer, 
be fixed to an extremity of a long beam, or some machine by 
which it could be moved through the air with any required 
velocity between 1 mile and 50 'miles an hour, it matters not 
whether the path be straight or circular, provided the plate 
always face the direction in which it moves. If the air be 
still, the effect on the plate is the same as if it were at rest, 
and received a wind of a known velocity upon its surface. 
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By this means it can be discovered what velocity of wind is 
required to produce any amount of compression on the spring, 
such as may be obtained by placing weights of known value 
on the pressure-plate. Iu this way a scale of the velocities 
or force of the wind may be constructed by the different 
degrees of compression of the spring, or a fusee or snail- 
shaped pulley, the radii of which vary in such a manner that 
when it is pulled round by a cord from the pressure-plate, a 
circular pulley, fixed on the same axis with it, may move 
through equal spaces for equal differences in the wind's 
velocity ; so that a cord wound round this second pulley may 
pull the registering pencil c, Fig. 40, to such distances from 
the bottom of the paper as shall always bear the same ratio, 
and that a known ratio to the wind's velocity. Some such 
contrivance is necessary before the integrals can be measured 
by means of the areas of the curve. Suppose that the pencil 
ia one inch from the top of the paper when the wind blows at 
the rate of 10 miles an hour ; two inches when it is blowing 
at 20 miles an hour, and so on ; and that when the paper i9 
moved, or allowed to move forward by the driving weight of 
the clock at the rate of one inch an hour ; then every square 
inch of surface included between the curve of force and the 
top of the paper denotes that 10 lineal miles of air have 
blown over the instrument ; so that, by measuring the area 
of any portion of this surface included between any two ordi- 
nates, we find the absolute integral inmile3, or the number of 
miles of air that have passed over during the period in which 
that portion of the curve was traced. In this way absolute 
values in miles may be assigned to all the lines which compose 
any type of the wind ; and on measuring by tb,e scale thus 
obtained the length of the resultant or line joining the two 
ends of the type, we obtain not only the direction, but 
also the extent in miles of the entire movement of air pro- 
duced by the combined effect of all the winds that have 
blown during the period for which the type was constructed. 
By this means it was ascertained that the resultant of all the 
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■winds that blow over Greenwich during the year 1841 wag 
equivalent to the passage of 47,900 miles of air towards 
E. 28° 30' N. In 1842 the direction of the resultant was 
R 27° N., and its length 36,750 miles. By dividing these 
numbers by the number of hours in a year, the total effect 
of the wind in 1841 is found to be equivalent to a constant 
current towards E. 28° 30' If., at the rate of 6-4 miles an 
hour; and in 1842 towards B. 27° N., at the rate of 4-2 
miles an hour ; or in other words, as if there had blown 
during those two years a constant wind from W.8.W. ^ S. 
at 4| miles an hour. 

But the average velocity of the winds at Greenwich 
during the former year was 18'7, and during the latter 18-3 
miles an hour; for the whole integrals of wind for those 
years, as shown by the length of their type-line, measured 
along all its windings, was in 1841, no less than 167,322 
miles, and in 1842, 159,050 miles ; showing that the whole 
movement of the air in this country is about four times as 
great as its resultant or effective movement. The more 
variable the wind may be at any place, the-smaTIer the pro- 
portion of it that will be effective ; and if these observations 
could be made on the open ocean within the range of the 
constant trade-winds, the type would probably (when not 
interrupted by a hurricane) be a straight line, and the num- 
bers expressing the total and resultant integrals of wind 
would be equal 

The direction or length of the resultant for any given 
period may be obtained more simply than by laying down 
such a type as Fig. 42 ; for as the lines in whatever order 
they may bo placed will eventually lead to the same point, 
the figure may be simplified by collecting and summing up 
all the integrals that belong to the same wind or point of 
the compass, or that fall within the same angle of 11£° or 
22£°, hot the smaller the angle the better; and then draw- 
ing lines proportionate to the 1 6 or 32 sums thus obtained, 
which lines olaced in any order, but in their proper direc- 
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tions, -will give the same resultant as if the whole type were 
drawn. But as some of the lines thus drawn are parallel to 
others, it is not necessary to draw more than half of them, 
subtracting from each one that which is parallel to it So 
that whatever number of points be used, the number of 
their integrals can always ^ 
be reduced one-naif, by sub- ' 
tracting each non-effective 
wind, or each one that is 
less than its opposite, from 
that opposite, the re- 
mainder being alone re- 
tained. Thus, Fig. 43 con- 
tains all the effective lines 
of Fig. 42 treated in this 
manner, and gives the same 
direction and length of re- 
sultant ; by which means 
much labour is saved. 

Soma observers prefer 
finding the resultant, di- 
rection, and length, by tri- 
gonometrical calculation, instead of by construction ; but 
in such case, in order to abridge their labour, they not 
only reduce the number of operations one half in the 
way above mentioned (which introduces no error), but 
attempt to reduce their number still lower, in some cases to 
the four cardinal points only, by methods which are more 
easy than accurate. For instance, they add together the 
integrals of all the points between N.E. and N.W., with half 
of the N.E. and N.W. integrals, and call the sum north. 
In the same way half the sum of the N.E. and S.E integrals, 
together with the whole sum of those for the intermediate 
points, is taken as the east integral. This is erroneous, for it 
is evident that, unless the integrals of the winds, thus added 
together, be Bymmetrically equal, two and two on each side 
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of the cardinal point, their mean direction cannot coincide 
villi that point ; and in e^ery case their sum must be 
greater than their resultant, and therefore the value thus 
obtained must always be too large ; and if ever correct in 
direction, it can only be so by a chance compensation of op- 
posite errors. 

The true resultant may, however, be found by calculation ; 
and the method of doing so is by no means tedious or diffi- 
cult. The sum of the integral forces of each effective wind, 
that is to say, the difference of the sums for every pair of 
opposite winds, must, except when it is directed towards a 
cardinal point, be resolved into two distinct forces, together 
equivalent to itself, but directed towards the two nearest 
cardinal points. This will be effected by multiplying it se- 
parately by two of the following seven constant numbers, 
which are all that will be required, for treating in this way, 
the forces for 32 points : 

For a point next a cardinal point 0-98078 and 0-19509 

For the second from do 0-92388 „ 0-38268 

For the third from do 0-83147 „ 0-55557 

For a anb-cardinal point (as S.W.) 0-70711 

In the latter case only one multiplier is used, because the 
two resolved forces are equal. In the other cases the larger 
resolved force thus found is directed to the nearest cardinal 
point. 

All the forces being thus reduced to equivalent ones, either 
parallel or perpendicular to the meridian, all the former 
must be collected together, that is to say, all the northward 
and all the southward forces must be separately summed up, 
and the smaller of these sums, in this country generally the 
southward, subtracted from the larger, the remainder being 
the whole effective meridioncU movement of air over the 
place, and during the time, in which the register was kept. 
In the same manner must the eastward and westward forces 
be collected, and their difference vilJ represent the whole 
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effective movement across the meridian, which in this coun- 
try is generally eastward. 

This process might of course be greatly abridged by the 
use of logarithms ; but to render it intelligible to every 
reader we will give an example, worked out by the simplest 
rules of arithmetic. 

The total amount of wind blowing over Devonport, during 
1842, from each of the 16 principal points (or within 11£ 
degrees of it), was found to be as follows : — . 

Miles. Miles. Hiltx. MilCT. 

From N... 6,829 E... 7,427 S... 17,000 W. 8,599 
„ N.N.E. 4,289 E.S.E. 4,144 S.S.W. 7,437 W.N.W. 12,78B 
„ N.E. 7,482 S.E. 11,488 S.W. 16,586 N.W. 28,400 
„ E.N.E. 2,448 S.S.E. 11,500 W.S.W. 6,156 N.W. 7,377 
We first get rid of half these numbers, by subtracting 



m from their o 


pposites, thus 








HUta. 
. 17,000 


From S.S.W... 


Mitt*. 

.. 7,437 




. 6,829 








,. 10,171 


S.S.W. .'. 


.. 3,148 




.. 6,599 


From W.N.W... 


.. 12,788 




7,427 


Take E.S.E. .. 


.. 4,144 


W. .... 












From W.S.W. 


.. 6,156 














W.S.W... 


.. 3,708 






From S.S.E. 


.. 11,500 






Take N.N.W... 


.. 7,377 






S.S.E. .. 


... 4,123 



Of these remainders, or effective forces, two being in the 
direction of cardinal points (9. and W.), require no further 
resolution. The others must be resolved by applying some 
of the constant multipliers given above, only three of which 
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■will, however, be required, because in this case the winds 
were only distinguished into 16 classes instead of 32, 
thus: — 



<?W Unit x by 070711 = 6,438 S. 

o.w. s,iu* j x by the same - 6,438 W. 

wqv , ;nA * 0'92388 = 3,426 W. 

W.S.W. 3,708 j x 0 . 3826e _ 2,419 S. 

wmw xtu/i * 0-92388 = 7,986 W. 

w.n.w. u,M4j v 0 . 382eB = 3,308 N.' 



NW 16 912 * 070711 " 

N.W. 16,912 j x by the Bame «■ 11,959 N. 

S.S.B. 4,123 j x 0-3B268 - 1,578 E. 

Collecting all the forces that are parallel, therefore, we 
find:—' 

Southward force*. 



10,171 3,308 

2,808 11,959 

6,438 

1,419 Sum 15,267 



11,959 
Sum E. 32,186 



Difference 30,008 which is the whole eastward moTement, la 

Hence the whole resultant movement is found, by a 
tangle triangle, either drawn or calculated, to be towards 
E. 17° 2' N., and its extent 32,012 miles, or equivalent to a 
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constant wind during the whole year from 17° south of west, 
at the rate of 3|. miles an hour. 

Por further information on this subject, we must refer 
to other works, and especially to Sir W. Snow Harris's 
report to the British Association in 1844, on the working 
of "Whewell's and Osier's anemometers at Plymouth in 
the years 1841, 1842, and 1843. In the Association 
Report (vol. h.) is a notice of the registers for Mr. Osier's 
new integrating anemometer. A sheet of plain paper, placed 
in the instrument under a registering- pen oil, is moved 
forward by rotating hemispherical fans, at the rate of one 
inch for every two miles of air that passes : this same pencil, 
having a lateral motion given to it by a vane, records the 
point of the compass from which the wind biows j and a 
clock hammer descending every hour strikes its mark on 
the margin of the paper to express the time. Thus in a 
single line are given, 1st, the length of the current; 2ndly, 
the direction of the current ; 3rdly, the time occupied in 
passing a given station marked hourly, or at any shorter 
interval that may be desired. 



Note. — On the Aib-Pump Gadge.* 
The amount of rarefaction in the receiver of an air-pump is measured 
by the barometer gauge. This consists (A) of a column of mercury, 
pressed up through a long tube by the force of the external air, acting against 
the diminishing resistance (as shown in Fig. 7, p. 21), or (B) of an already 
existing mercurial column, similar to the barometer, which, being placed 
in connection with the receiver to be exhausted, will gradually fall as the 
air is withdrawn. Id the ihorl barometer gauge this column is only 10 
or 12 inches high, so that it does not begin to act until the air in the 
receiver is exhausted to the point at which it will support that height of 
mercury. 

i. To obtain the altitude of the column sustained by the air in the 
receiver, subtract the height of the gaage (A) from the height of a 

* Abridged from an M.S. communication to the author, by Sir W. 
Snow Harris. 
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take the altitude of the column (B), aa 



standard barometer at the tl 
shown above the cistern. 

2. To obtain the density, elasticity, or quantity of air left in the 
receiver, divide the height of the mercurial column in the gauge bj the 
standard barometric altitude at the time. 

3. To obtain the proportional quantity abstracted from the receiver, 
divide the gauge indication by the standard barometric altitude at th 

4. To obtain the degree of exhaustion, or times of rarefaction, divide 
the standard barometric altitude by the column sustained by the receiver. 



2 of A 
>r Descent 



Ratio of ludl- 



A - A 
A- t 
*8= * 



And so on up tc 

) | O | D 

N.B.— If the barometer be more or less than 30 inches, substitute the 
quantity indicated for 30 and alter the fractions accordingly. 



T. 0. Johns, Printer, Wlna-offleo Court, Fleet Street. 
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A SECOND EDITION 
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NATURAL PHILOSOPHY, 

FOR THE USE OP BEGINNERS. 



" This little Book is the first of a aeries of scientific treatises, which 
promise well. Mr. Tomlinson's ' Introduction to Natural Pliilosophy ' 
is broad and general, taking a summary review* of the leading principles of 
those sciences, which are afterwards to be more fully expounded. Al- 
though dealing with striking examples in Natural Philosophy, the facta 
are made subservient to the principles they illustrate, and are used, not 
for themselves, but the laws they establish. Astronomy, and its geo- 
metrical proofs, the properties of matter, optics, sound, and other 
branches of natural philosophy, are exhibited in one or more remarkable 
examples of profound and conclusive discovery by man, of the laws of 
nature, illustrated, where needful, by diagrams. Although designed for 
popular circulation, and to stimulate the popular mind, there is no evasion 
of difficulties in Mr. Tomlinson's Introduction. Having done an author's 
part in making the exposition aa plain as he can, he calls upon the reader 
to do his, and give attention to the task. The book is remarkably cheap, 
looking at its kind ; and such, we suppose will be the character of the 
tenet. 7 '— Spectator, Sept. 23, 1848. 

" Mr. Tomlinson's Natural Philosophy is a very maBterly performance ; 
exact, lucid, and (beyond most works of the same class) interesting. It 
has its ' Preface,' too i but one which is, happily, of the same grain with 
the work, and contains a piece of advice to ' the reader ' of so just and 
sensible a character, and of such general application to the readers of all 
scientific works, that we beg to indorse it with our heartiest concurrence. 

" ' But if scientific men are disposed to prepare popular treatises, and 
intelligent publishers to issue them, at a price sufficient to bring them 
within the reach of every one, it is not too much to expect the co-opera- 
tion of the reader in carrying out so praiseworthy on object. The reader 
must be prepared to bestow a higher effort of mind in the perusal of the 
work than is required for the appreciation of a romance, or even of a 
treatise on papular science, as this term is often understood. He must be 
prepared to study the work, and not merely to glance over its pages. If 
he find it difficult on a first perusal, let him give it a second, or a third, 
a*ulwe may venture to assure him that his labour will not be misapplied.'" 
— Mechanic*' Magazine, Dec. 9, 1818. 



Natural Philosophy — continued. 

" Carefully written, and amply illustrated." — Athenaum, Dec. 30, 
1848. 

' ' Though there is no 1 royal road ' to science, yet it must be confessed 
that the paths which conduct the student to her temple, have been so well 
macadamized, and so many finger-posts have been erected by the way, 
that none but the incompetent or the indolent need despair of arriving at its 
threshold. The volume before us, parva sed apla, is one of these service- 
able finger-posts erected by one who is thoroughly familiar with the road, 
and competent to offer valuable advice and assistance to younger and 
feebler wayfarers. ' To excite an interest in the study of principles by 
making facts and details subordinate to this higher aim 1 was the object 
proposed to himself by the author in preparing this treatise for publication; 
and we should think that object will be found to have been generally 
accomplished with the most complete success. Taking the student by the 
hand, Mr. Tomlinson conducts him by a gradual ascent through all the 
stages of physical science, expounding the laws of nature in language clear, 
perspicuous, and intelligible to the most ordinary capacity, and offering at 
one compendious view, the accumulated but simplified results — the facts 
and principles which have been established by the observations and expe- 
riments of generations of natural philosophers. As a class-book for 
schools, this work will be found of the utmost value, and the low price 
at which it is published is not the least among its recommendations to the 
favourable notice of the public. Mr. Tomlinson is, we believe, so well 
known in this neighbourhood, that his name upon the title-page will be 
accepted as a sufficient guarantee of the character of any scientific work he 
may put forth,"— Salitbury Journal, Dec. 1, 1849. 
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RUDIMENTARY MECHANICS, 

BEING A CONC1BE EXPOSITION OF" TUB GENERAL PRINCIPLES OF 
MECHANICAL SCIENCE, AND THEIR APPLICATION. 



"The Rudiments of Mechanics is by the same able hand of whose execu- 
tion of the part devoted to Natural Philosophy we felt called upon to 
speak in very high terms. The style of Mr. Tomlinson's lessons is 
altogether excellent, exact, an d> impressive, where principles are to be 
enunciated ; copious, circumstantial, and yet clear, where the application 
of principles to practice has to be exemplified. * * * V/e are not 
aware of any other treatise on mechanics with the same quantity of 
matter, and with so many engravings, which is to be had at so low a 
price,"— Mechania' Magazine, April 21, 1819. 
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116. RUDIMENTARY TREATISE ON ACOUSTICS ; Tho Elements, 

Practice, and Distribution of Sound in Public and Private Buildings, 

by G. R. BurneU, Archt. and C.E U. 

117. RUDIMENTARY TREATISE ON THE PRACTICE IN CANAL 

AND RTVEB NAVIGATION, by G. H. BurneU, C.E., with 
numerous wood-cuts 1*. 6rf. 

118. RUDIMENTARY SKETCH OF THE CIVIL ENGINEERING OP 

NORTH AMERICA, by David Stevenson, of Edinburgh, C.E., with 
Plates, Vol. L 2nd edition It. OA 

119. Ditto, ditto, Vol. n 1». 6d. 

120. RUDIMENTARY TREATISE ON HYDRAULICS, by G. R. 

BurneU, C.E. . . U.&d. 

120*. Ditto, ditto, Part II U.Gd. 

121. RUDIMENTARY TREATISE ON RIVES ENGINEERING, by 

G. B. BurneU, C.E. U.6d. 

122. RUDIMENTARY TREATISE ON FLUIDS, by G. R. BurneU, C.E. U. 

123. RUDIMENTARY TREATISE ON CARPENTRY AND JOINERY, 

edited by E. L. Oarbctt, Archt., with wood-cute ... I*. Sd. 

124. BUDTMENTABY TBEATISE ON ROOFS FOR PUBLIC AND 

PRIVATE BTJTLDTNG3, by E. L. Garbett, Archt., with plates . 1#. 6d. 

125. RUDIMENTARY TREATISE ON THE COMBUSTION OF COAL 

AND THE PREVENTION OF SMOKE, Chemically and Tragically 
Considered, by Chas. Wye Williams, M.I.C.E., with numerous 

wood-cuts, 3rd edition ll. Gd. 

125*. Illustrations to ditto ll. Bd. 

• m * The above Supplementary Volumes are of an important character, and add 
considerably to the usefulness of an already admitted and most valuable series 
of technical works : the established reputation of which, and the extensive sale 
in aU parts of the world, has given a cheering result of a long and laborious 
tasJt, and on which s very large capital has been expended. 
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MR. WE ALE'S 

NEW SERIES OF EDUCATIONAL WORKS. 



CONSTITUTIONAL HISTORY OF ENGLAND. 2 Vols. By 
W. D. Hamilton. St. 

CONSTITUTIONAL HISTORY OF ENGLAND DOWN TO 
VICTORIA. By W. D. Hamilton. Si. 

OUTLINES OF THE HISTORY OF GEEECE. By E. Levies, 
H.A. VoL I. 1«. 

OUTLINES OF THE HISTORY OF GREECE, VOL. II, 

TO ITS BECOMING A ROMAN PROVINCE. By E. Levien, H.A. 1(. 6d. 

m 

OUTLINE HISTORY OF ROME. By E. Levies, M.A. Vol. I. 
u. 

OUTLINE HISTORY OF BOMB. VOL. IL, TO THE 

DECLINE. By E. Lefibn. Is. 6d. 

A CHRONOLOGY OF CIVIL AND ECCLESIASTICAL 

HISTORY, LITERATURE, ART, AND CIVILISATION', FROM THE 
EARLIEST PERIOD TO 18S5. 2 Vols. 2t. 6d. 

GRAMMAR OF THE ENGLISH LANGUAGE, FOB USE 

IN' SCHOOLS AND FOR PRIVATE IXSTRCCTiOX. lij- Hyde Clakke, 
O.C.L. U 

DICTIONARY OF THE ENGLISH LANGUAGE. A New 

and Compressed Dictionary of tin- E^lhli ~..n;-i:c. :is S|inWoii ■■md Writton. in- 
cluding above 100,000 Words, or 60,000 mora tbanin ony Existing Work, and 
including 10,000 AiMLt-i.>:i:il ilanl:::.. ot Old W-jnls. By Hvee Clamce, D.C.L. 
S Vols, in 1. 3j. 6.V. 

GRAMMAR OF THE GREEK LANGUAGE. By EC. 
DICTIONAEY OF THE GREEK AND ENGLISH LAN- 

GUAQE. By H. R. Hamilton. 2 Vols, in 1. 2i. 

DICTIONAEY OF THE 1 ENGLISH AND GREEK LAN- 
GUAGES. By H. S. Hamilton. 2 Vols, in L St, 



GRAMMAR OF THE LATIN LANGUAGE. By T. Goodwin, 
of Graenwteb. It 

DICTIONARY OF THE LATIN AND ENGLISH LAN- 
GUAGES, by T. Goodwin of Greenwich. Vol. L St. 
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DICTIONARY OF THE ENGLISH AND LATIN LAN- 
GUAGES. By T. Goodwih of Greenwich- Vol. IL 1*. Cd. 

GRAMMAR OF THE FRENCH LANGUAGE. By Dr. Straubs, 

Into Lecturer nt BesiiDfon. li. 

DICTIONARY OF THE FRENCH AND ENGLISH LAN- 
GUAGES. By A. Elwes. Vol. I. U. 



DICTIONARY OF THE ENGLISH AND FRENCH LAN- 
GUAGES. By A. Elwes. ToL IL If. M. 



GRAMMAR OF THE ITALIAN LANGUAGE. By A. Elwe3. Is. 
DICTIONARY OF THE ITALIAN, ENGLISH, AND FRENCH 

LANGUAGES. By A. Elwes. Vol. L 2». 

XXI., XXXI. 

DICTIONARY OF THE ENGLISH, ITALIAN, AND FRENCH 

LANGUAGES. By A. El-Wes, Vol. II. 2*. 

DICTIONARY OF THE FRENCH, ITALIAN, AND ENGLISH 

LANGUAGES. By A. Ei.wns. Vol 111. 23. 

GRAMMAR OF THE SPANISH LANGUAGE. B; A. 

DICTIONARY OF THE SPANISH AND ENGLISH LAN- 
GUAGES. By A. Elwes. Vol I, St. 

DICTIONARY OF THE ENGLISH AND SPANISH LAN- 
GUAGES. By A. Elweh. ToL II. Si. 

GRAMMAR OF THE GERMAN LANGUAGE. By Dr. 

StWI'SS. It, 

XL. 

CLASSICAL GERMAN READER, FROM THE BEST 

AUTHORS. It. 

DICTIONARIES 'OF THE ENGLISH, GERMAN, AND 

FRENCH LANGUAGES. By N. E. HAMILTON. B Vota. St. 

DICTIONARY OF THE HEBREW AND ENGLISH, AND 

ENGLISH AND HEBREW LAN'GU AGH9, CosTMSisa all tub Biblical and 
Rabbinical Wop.d 3 . 3 Vt.ls. (t ofr.il W with th.i Grammar, which may bo had 
separately for 1j.) By Da. Bhrsblao, Hebrew Professor, l(u. 
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EDUCATIONAL WORKS. 



THE 

SERIES OF EDUCATIONAL WORKS 

ARE ON SALE IN WO KINDS OF BINDING. 

HAMILTON'S Outlines of tlia nistoiy of England, 4 vols, in I, bound Id cloth . Ji. 

. Dili.-, in half mgiocc.i, ufilt, mar!™! mlifjs 5». 6J. 

LEVIEN'S Ilistory of Greece, 2 vol?, in 1, bound in cloth . . . . 31. 64. 

■ Ditto, In hall morocoo, jilt, marbled edges It. 

. History of Romo, 2 vols, in 1, liound in cloth . . . . Si. 6d. 

Ditto, in 'naif mo™™, (jilt, niarMcd edges . . . . . ti. 

CHRONOLOGY of Civil and Ecclesiastical History, Literature, Art, Ac., 2 vols. 

in 1, bound tn cloth St. Od. 

. Ditto, in half morocco, gilt, marbled edges . . . . . . . it. 

CLAUSE'S Dictionary of the English Language, bound in clotb . . .it. Bd. 

• In half morocco, gilt, marbled edgos If. 

. bound with Dr. Clarlto's English Grammar, in clotb . . . 5*. td. 

Ditto, in bajf morocco, gilt, marbled edges 6*. 

HAMILTON'S Greek and English and English and Greek Dictionary, i vols, in 1, 

hound in cloth . Si. 

Ditto, in half morocco, gilt, marbled edges 5* 84 

— Ditto, with the Gn.ok Grammar, bound in cloth St. 

Ditto, with Ditto, in half morocco, silt, marbled edges . . . 6». W. 

GOODWIN'S Latin and Kn-lis'j an:l Kinjlbh a:id Latin Dittioimv, 2 vols, in I, 

bound in cloth ttM. 

Ditto, in half moroc™, gilt, marbled edges St. 

Ditto, with the Latin Grammar, bound in cloth . . . 5*. Bd. 

Ditto, with Ditto, in Ind! morocco, gilt, marbled edges . . . . 6». 

ELWES'S French ami Iv;,;' i -h and English and I-Ys:i;;!l Diutiuiiarv, 2 vols, in 1, 

in cloth 3b. 

Ditto, in half morocco, girt, marbled edges it. 

Ditto, with tlxs rVen.-h Grammar, bound in cloth .... U.M. 

Ditto, with ditto, in half inorw.. ., ,;iH, iii.ii l.kd edges .... 51. 

FRENCH and Kv:. : l : ,l, ]■;,:■.,-■.■ i; ■ .!,-, .-V .. .! ,.,]■,.,■,- , ■ aii O .ii-.-ji^.,i ion ;[ WmK 

e]ab"i-aU-ly i^t f.-riii f t 'iYave'li:,- Us.-, as a *.jlf. In tcryivtcr, bound . . H. 5cJ. 
ELWF.S'S Iudian, Ln-lish. ami I-Y.-ncIl.— English, Italian, and French,— French, 

Italian, an.! Kc.;;L : -ii i'lifti.-tiary, :! vul:i. in I, b"::i;d in cluiii , . . Ti. Gil. 

Ditto, in half morocco, gilt, marbled edges Si. 6d, 

Ditto, wlib the Oram mar, bound in embossed cloth, marbled edges Bi. Bd. 

Ditto, with Ditto, in half morocco, gilt, marbled edges . . . .51. 



Ditto, in half morocco, gilt, marbled edges it. Od. 

Ditto, with Ditto, In half morocoo, gilt, marbled edgos , , , Si 6d. 

BRESL ATI'S Hebrew and English Dictionary, with the Grammar, 2 Tola. In 1, 

bound in eloth St, Bd. 

Ditto, 1 vols, in J, in half morocco, 3;. 6^.— With vol. 3. English and 

Hebrew . lit. Si. 



Won in the coarse of Publieai ion, 

GREEK AND LATIN CLASSICS. 



PRICE ONE SHILLING PER VOLDMB, 
Except la Some Instances, and those are at It. M. or 2f. Er.cb ' 

A SERIES OF VOLUMES 

OONTAIKlsm THE 

PRINCIPAL GREEK AND LATIN AUTHORS, 

ACCOMPANIED BT 

EXPLANATORY NOT8S IN ENGLISH, PRINCIPALLY SELECTED FROM 
THE BEST AND MOST RECENT GERMAN COMMENTATORS, 



AH those Works that lire essential for the Scholar and the Pupil, and 
applicable for use at the Universities of Oxford, Cambridge, Edinburgh, 
Glasgow, Aberdeen, and Dublin,— the Colleges at Belfast, Cork, Galway, 
"Winchester, nnd Eton, find the yreat .Schools at Harrow, Rugby, So,,— 
also for Private Tuition and Instruction, and for the Library. 

« Vols. 1, 2, 3, i, 5, 6, 7, 8, 9, 14, 16, 17 of the Latin Series have appeared. 

Of the Greek Series, vols. 1, 2, 3, 4, 5, 6, 7, 9, 18, 41 also have been 

published, and will bo regularly continued. 



LATIN SERIES. 

1. A Now LATIN DELECTUS, or Introbvctob-.- Classical Header, ei.iiflktir..; 

Extracts from tlie host Authors, systematically arranged; accompanied by 

t. GfflSATl'3 COMMENTARIES ON TIIE GALLIC WAR: with Grammatical 

and Explanatory Notes in English, and a complete Geographical Index. 
. CORNELIUS NEPOS ; with Euglinh Notes, Its. 

4. VIRGIL. Teh Gnonoics, Bucolics, and DOTOTrtp, Works ; with English Notes, 

chiefly from the German. 
. VIRGIL'S jENEID (on the same plan as the preceding). 

a . HORACE. Odes and Epodes; with English Notes, an Analysis of each Qda, 

7. HORACE. Satlres and Epistles, with English Notes, 4c 

B. 8ALLDST. Conspiracy or Catiline, and Jr/oDBTHiin Win. 

5. TERENCE. Astoria and Usadtoktiuoruhihoi 
10. TERENCE. PnoRMio, Aosi.piii, and Hecyra. 

IX CICERO. Orations: aoainbt Catiline, for Semi, roll Aec.hab, and soa 
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11 CICERO. First and Second Philippics ; Orations toe Milo, fob Hunun, 

13. CICERO. De Officiis. 

14. CICERO. De Amicitia, de Sekectcte, ahd BnuTCi. 
16. JUVENAL AND PERSIUB. 

16, L1VT. Books I. to V., in 2 parts. 

IT. LIVY. Books XXI. and XXII. 

18. TACITUS. Aoricola ; Germania ; and Annals, Book I. , 

10, SELECTIONS FROM TIBULLUS, OVID, PROPERTIUS, AND LCCRETIUB. 

20. SELECTIONS FROM SUETONIUS, AN'D THE LATUR LATIN WRITERS. 



GREEK SERIES. 



INTRODUCTORY GREEK 
READER On tlio name plan as 
the Latin Reader. 
, XENOPHON. Anabasis, I., IL, III. 
. XENOFHON. AsABAfua, IV., V, 

VI., VII. 
. LUCIAN. Select DiAXOOora. 

HOMER. Iliad, I. to VI. 

HOMER, Iliad, VII. to XII. 

HOMER. Iliad, XIII. to XVIII. 
. HOMER. Iliad, XIX. to XXIV. 

JIOMEE. Odyssey, I. to VI. 
. HOMER Odyssey, VII. to XIL 
. HOMER. ODYSSXY.XIH.toXVIII. 
. HOMER Odybset, XIX. to XXIV.; 

. PLATO. Apology, Crito, and 

HERODOTUS, L, II. 
. HERODOTUS, HL, IV. 
. HERODOTUS, V., VI., «nd p»rt of 



la. SOPHOCLES. CEdipos Rex. 

19. SOPHOCLES. CErrFDS Coloheos. 

20. SOPHOCLES. Antioone. 
SI. SOPHOCLES. Ajax. 

M. BOPHOOLES. PBrLwretES. 



23. EURIPIDES. Hecuba. 

24. EDR1PIDES. Medea. 

25. EURIPIDES. Hifpolytm. 

26. EURIPIDES. Alcestib. 

27. EURIPIDES. Orebtes. 

28. EURIPIDES. Extracts fro* t 

Rem a i ndio Playb. 

SO. SOPHOCLES. Extracts from t 
Remaining Playb. 

30. .SSCHYLUS. ProuetheobVinct> 

31. JiSCHYLUS. PEnaAt. 

32. JUSCHYLUS. Septek contra Ti 

S3. ■E.'JCHYLUS. Choepeoilb. 

34. JESCHYLOS. Eumenides. 

S3. JESCHYLU8. Acamemnow. 

SO. ^SCHYLUS. Suppliobs. 

ST. PLUTARCH, Belsot Lite*. 

S3. ARISTOPHANES. Olood*. 

39. ARISTOPHANES. From. 

40. ARISTOPHANES. Selections fp, 

the Remaining: Comedies. 

«. thuctdides, l 

42. THOCYDIDEB, IL 

43. THEOCRITUS. Select Idyls. 

44. PINDAR. 

45. ISOC RATES. 
49. HESIOD. 



CATALOGUE OF BOOKS 



ARCHITECTURE; CIVIL, MECHANICAL, MILITARY, 
AND NAVAL ENGINEERING ; 

ii siniiliLy sjibiei'tJ. imi^rted from Austria, Bsrufr, 
' " ■ " i B Subjects r-™ ■ ' 



Together with valuable Worts on sii 
Franca, and Itnlv: and :i ni-lci tifi: «r 
of the principal Public Buildings In Iti 



Buildings in Italy. In 8yo., price 



itiiocts "f Photographic V 
Orf., and bj- post ~d. 
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In one Volume large Svo., with 13 Plates, Price One Guinea, 
in half-morocco binding, 

MATHEMATICS 

FOB 

PRACTICAL MEN: 

BEING 

A COMMON- PLACE BOOK 

or 

PHEE AND MIXED MATHEMATICS, 

DESIGNED CnTEELY FOH THE USE OF 

CIVIL ENGINEERS, ARCHITECTS, AND SURVEYORS. 



BY OLtUTHUS GREGORY, LL.D., F.R.A.S. 



THIRD EDITION, REVISED AND ENLARGED. 
BY HENRY LAW, 
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CONTENTS. 



PART I.— PURE 



CHAPTER I. — Arithmetic. 

1. Definitions and Notation. 

2, Addition of Whole Numbers. 
8. Subtraction of Whole Numbers. 
4. Multiplication of Whole Numbers. 

6. Division of Whole Numbers.— Proof of 

the first Four Rules of Arithmetic, 
ft T 'ulgar Fractions.- Reduction of Vtil- 
;ar Fractions. — Addition and Sub- 
iraction of Vulgar Fractions. — Mul- 
tiplication and Division of Vulgar 
Fractions. 

7. Decimal Fractions. — Reduction of 

Decimals. — Addition and Subtrac- 
tion of Decimals Uultiplkation 

and Division of Decimals. 

8. Complex Fractions used in the Arts 

and Commerce.— Reduction.— Addi- 
tion.— Subtraction and Multiplica- 
tion. — Division. — Duodecimals. 
A Powers and Roots. — Evolution. 

10. Proportion.— Riilo of Three.— Deter- 

mination of Ratios. 

11. logarithmic Arithmetic— Use of the 

Tables. — Multiplication and Division 
by Logarithms.— Proportion, or the 
Rule of Three, by Lot;arubnis.— ■ 
Evolution and Involution bj Log- 
arithm). 

12. Properties of Numbera. 

CHAPTER IL— Algebra. 

1. Definitions and Notation. 

2. Addition and Subtraction. 

3. Multiplication. 

4. Division. 



0. Evolution. 

7. Snrds.— Reduction.— Addition, Suh- 
- traction, and Multiplication. — Di- 
vision, Involution, and Evolution. 

8. Simple Equations. — Extermination. — 

Solatio" -f General Problems. 



MATHEMATICS. 



| 9. Quadratic Equations. 

10. Equations iu General. 

11. Progression. — Arithmetical Prngres 
sion. — Geometrical Progression. 

12. Fractional and KcgatrlC Exponents. 

13. Logarithms. 
It Computation of Formula:. 

CHAPTER III.— Geoiietbt, 

1. Definitions. 

2. Of Angles, and Right Lines, and thifcf 
Reclniigl es. 

3. Of Tril.gln. 

4. Of Quadrilaterals and Polygons. 
E. Of the Circle, and Inscribed and Cir- 
cumscribed Figures. 

ft. Of Planes and Solids, 
7. Practical Geometry. 

OH A PTE E IV— irBKEL-niiion. 

1. Weights and Measures.— 1. Measure* 
of Length. — 2. Measure* of Surface. 
— 3. Measures of Solidity and Ca- 
pacity.—!. Measures of Weight — 
E. Angular Measure.— 0. Measure nf 
Time. — Comparison of English and 
French Weights and Measures. 

2. Mensuration of Superficies. 

3. Mensuration of Solids. 

CHAPTER V.— Tbigokouetr-T. 

1. Definitions and Trigonometrical For- 

2. Trigonometrical Tables. 

3. General Propositions. 

4. Solution of the Cases of Plane Trian- 

gles.- Right-angled Plane Triangl.s. 
6. On the application, of Trigonome try 
tfr.iiormrj Ilci.u'iits ns:it ftittaner ?, 
— Determination of Heights and 
Distances by Approximate Mechani 
eal Methods. 
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CHAPTER VI.— Cohio Seotiobb. 

1. Definition!. 

2. Properties of the Ellipse.— Problem* 

relating to the Ellipse. 

3. Properties of the Hyperbola. — Pro- 

blems relating to the Hyperbola. 

4. Properties of the Parabola.— Problem! 

relating to the Parabola. 



1. Definition*. 

2. The Conchoid. 

3. The Cisioid. 

4. The Cycloid and Epicycloid. 

5. The Quadratrix. 

8. The Catenary.— Tables of Relation 
of Catenarian Curve*. 



PART II.— MIXED MATHEMATICS. 



OH A PTES, L— HMHAin« is GbneraIi. 

CHAPTER IL— StaxKS. 

1. Statical Equilibrium. 

2. Center of Gravity. 

3. General application of the Principles 

of Statics to the Equilibrium of 
Structures. — Equilibrium of Piers 
or Abutments.— Pressure of Earth 
against Walli.— Thickness of Walls. 
—Equilibrium of Polygons. — Sta- 
bility of Arcbes. — Equilibrium of 
Suspension Bridges. 

CHAPTER III.— DT3AMBS. 
• 1. General Definitions. 
3, On the General laws of Uniform and 
Variable Motion.— Motion uniformly 
Accelerated. — Motion of Bodies un- 
der the Action of Gravity — Motion 
over a fixed Pulley. — Motion on 
Inclined Planes, 

3, Motions abont a fixed Center, or Am. 

—Centers of Oscillation and Per- 
cussion. — Simple End Compound 
Pendulums. — Center of Gyration, 
and the Principles of Rotation.— 
Central Force a. —Inquiries connected 
with Rotation and Central Forces. 

4. Percussion or Collision of Bodies in 

Motion. 

6. On tiiB Meeiiir.icsi Power;.— Uvr.rs. 
—Wheel and Axle.— Pulley.— I n- 
eUned Plane.— Wedge and Srr.-.v. 



CHAPTER IT.— Htdhostatics. 

1. General Definitions. 

2. Pressure and Equilibrium of Non- 

elastic Fluids. 

3. Floating Bodies. 

4. Specific Gravities. 

E. On Capillary Attraction. 

CHAPTER V.— HYDitoomAMica 
L Motion and Effluence of Liquid*, 

2. Motion of Water in Conduit Pipe3 

and Open Gansil!, over Weirs, &c — 
Velocities of Rivers. 

3. Contrivances to Measure the Velccily 

of Running Water*. 

CHAPTER VI.— Phehmatics. 

1. Weight and Equilibrium of Air and 

Elastic Fluids. 

2. Machines for Bailing Water by tha 

Pressure of the Atmosphere. 
8. Force of the Wind. 

CHAPTER VII.— Hechahioai, Agent?. 

1. Water sn a Mechanical Agent. 

2. Air as a Mechanical Agent. — Cou- 

lomb's Experiments. 

3. Mechanical Agents depending upon 

Heat The Steam Engine.— Table 
of Pressure and Temperature of 
Steam.— General Description of the 
Mode of Action of the Steam Engino. 
—Theory of the Steam Engine. — 
Description of the various kind! cf 
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Engines, and the Formula for calcu- 
lating their Power. — Practical appli- 
cation of the foregoing Formula?. 
t. AnimalStrengthasaMechanicalAgent. 

CHAPTER VIIL— Snuntora of 
Mi-Er.uLs, 

1, Results of Experiments, and Principles 
upon which they should be practically 

3. Strength of Material* to Besiit Tensile 
and Crmhing S train i.— Strength of 
Columns. 



imat. 

3. Elasticity and Elongation of Bodies 

subjected to a Crushing or Tensile 

4. On theStrength of Materials lubjecte 

to a Transverse Strain. — Longi 
tndinal form of Beam of uniform 
Strength. — Transversa Strength of 
other Materials than Cast Iroru— 
The Strength of Beams according to 
the manner in which the Load is 
distributed. 

5. Elasticity of Bodies subjected to a 

Transverse Strain. 
8. Strength of Materials to resist Torsion. 



APPENDIX 

I. Table of Logarithmic Differences. 
II. Table of Logarithms of Numbers, from 1 to 100. 

III. Table of Logarithms of Numbers, from 100 to 10,000. 

IV. Table of Logarithmic Sines, Tangents, Secants, Sc. 

V. Table of Useful Factors, extending to several places of Decimals. 
VI. Table of various Useful Numbers, with their Logarithms. 
VII. A Table of the Diameters, Areas, and Circumferences of Circles and also the 
■ides of Equal Squares. 
VIII. Table of the Relations of the Arc, Abscissa, Ordinate and Subnormal, in the 
Catenary. 

IX. Tables of the Lengths and Vibrations of Pendulums. 
X. Table of Specific Gravities. 
XI. Table of Weight of Materials frequently employed in Construction. 
XII. Principles of Chronometers. 

XIII. Select Mechanical Expedients. 

XIV. Observations on the Effect of Old London Bridge on the Tides, *c. 
XV. Professor Parish on Isometrical Perspective. 



In lSnio., in boards, comprising 390 pages, price 5s. 

. A SYNOPSIS OF PRACTICAL PHILOSOPHY, 
alphabetic ally arranged, containing a great variety of Theorems, Formula;, 
and Tables, from the most accurate and recent authorities in various branches 
of Mathematics and Natural Philosophy : with Tables of Logarithms. 
By the Rev. JOHN CARR, M.A., late Fellow of Trinity College, Cambridge. 



A SYSTEM OF APPARATUS 

Fortlie Use of Lecturers and Eiperimen ton In Mechanical Philosophy. 
By the Rev. Prof. WILLIS, M.A., F.E.8., to. 
In *to., with Platfis, price Si. 
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HINTS 

TO 

YOUNG ARCHITECTS: 

ooMFmsnra 

ADVICE TO THOSE WHO, WHILE YET AT SCHOOL ABE DESTINED 
TO THE PROFESSION; 
SUCU AS, HAVING PASSED THEIlt PUPILAGE, ARE ABOUT TO TRAVEL 
AND TO THOSE WHO, HAVING COMPLETED THEIR EDUCATION, 
ARE ABOUT TO PRACTISE ; 

TOGETHER WITH 

A MODEL SPECIFICATION: 

INVOLVING A GliEAT VARIETY OP INSTRUCTIVE AND SUGGESTIVE MATTER ' 
CALCULATED TO FACILITATE THEIR PRACTICAL OPERATIONS ; 
AND TO DIRECT THEM IN THEIR CONDUCT, AS THE RESPONSIBLE 
AGENTS OF THEIR EMPLOYERS, 
AND AS THE RIGHTFUL JUDGES OP A CONTRACTOR'S DUTY. 

Br GEORGE "WTGHTWICK, Aechitect. 



Preliminary Hints to Young Archi- 
tects on the Knowledge of 
Drawing. 
On Serving his Time. 
On Travelling. 
His Plate on the Door. 
Orders, Plan-drawing. 
On his Taste, Study of Interiors. 
Interior Arrangements. 
Warming and Ventilating. 
House Building, Stabling. 
Cottages and Villas. 
Model Specification . 

General Clauses, 

Foundations. 

Well. 

Artificial Foundations. 
Brickwork. 

Rubble Masonry with Brick 
Mingled. 



Model Specification : 
Stone -cutting. 

Grecian or Italian only. 

, Gothic only. 

Miscellaneous, 

Slating. 

Tiling. 

Plaster and Cement- work. 
Carpenters' Work. 
Joiners' Work. 
Iron and Metal-work. 
Plumbers' Work. 
Drainage. 
Well-digging. 

Artificial Levels, Concrete, 
Foundations, Piling and 
Planking, Paving, Vaulting, 
Bell-hanging, Plumbing, and 
Building generally. 
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In One large Volume Octavo, Eleven LTunJred Pages, with Utuactooi 
EDKraTirp!, price U Si., 



A GENERAL TEXT BOOK, 

CONSTANT USE AND REFERENCE OP 

ARCHITECTS, ENGINEERS, SURVEYORS, SOLICITORS, 
AUCTIONEERS, LAND AGENTS, AND STEWARDS, 

EX ALL THE IB SEVERAL AND VARIED PttOmSKWAL CCCCFATIOSS { 

ASSISTANCE AND GUIDANCE OF 
COUNTRY GENTLEMEN AND OTHERS 



TEANSFER, MANAGEMENT, OE IMPEOYEMENT OF 
LANDED PEOPEETY; 



THEOREMS, FORMUUE, RULES, AND TABLES 

DI GEOHETItY, HENSURATIOK, AXD THIOOITOJIEIHT ; LAND HEJSCEKfl, KTltTFTl.TO, 
WO! TH* VALUATION OF ASTIFICCRS" KOr.il, T.ifATF:s, r.ms>MIOLI>S, LiriHOLIU 

AJsrrnFS, tillages, faemjso stock, and tenant hioht; tub Assissunrr 

OF PARISHES, RAILWAYS, OAS AND WATER WORKS J TF1I LAW OF DILAPIDA- 
TIONS AND HUIBASCES, APPRAISEMENTS AND AUCTIONS, LANDLOtn AID 

TOGETHER WITH EXAMPLES OF VILLAS AND COUNTRY HOUSES. 



BY EDWARD RYDE, 
Civil Engineer and Laud Surveyor, Author of Kcverai,ProrcsBiou;il Wrri«. 



AGRICULTURE AND LANDED PROPERTY, 
BY PROFESSOR DONALDSON, 

Author of several Works on Agriculture. 
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CO NTEN TS 

Chapteb I.— Arithmetic. 1. Notation— 2. Proof of the First Four 
Rules— 3. Vulgar Fractions— 4. Decimals— 5. Duodecimals— 6. Power* 
and Roots— 7. Properties of Numbers— 8. Logarithms and Mathe- 
matical Tables. 

IL— Plank and Solid Geometry. 1, Definitions— 2. Of Angles 
and Right Lines, and their Rectangles— 3. Of Triangles — i. Of Quad- 
rilaterals and Polygons — 5. Of the Circle, and Inscribed and Circum- 
scribing Figures— 0. Of Planes and Solids — 7- Practical Geometry. 

III. — Mensuration. 1. Comparison of English and French Weights 
and Measures — 2. Mensm-ation of Superficies — 3. Mensuration of Solids. 

IV. — Trigonometric I. Definitions «id Trigonometrical Formula) — 
2, General Proportions— 3. Solution of the Cases of Plane Triangles. 

V. — Conio Sections. 

VI. — Land Measuring. Including Table of Decimals of an Aere — 
Table of Land Measure, by dimensions taken in yards. 

VII. — Land Surveying. 1. Parish and Estate Surveying — 2. Trigo- 
nometrical Surveying — 3. Traverse Surveying— 4. Field Instruments, 
the Pri-inatic Compass; the Bos Sextant ; the Theodolite. 

VIIL — Levelling. Levelling Instruments, the Spirit Level ; the Y 
Level; Troughton'a Level; Mr. Gravatt's Level; Levelling Staves — 
Examples in Levelling. 

IX. — Plotting. Embracing the Circular Protractor— The T Squaw 
and Semicircular Protractor— Plotting Sections. 

X. — Computation or Areas. The Pcdio meter— The Computing 
Scale— Computing Tables. 

XI. — Copying Mats. Including a description of the Pentagraph. 

XII. — Railway Surveying. 1. Exploration and Trial Levels; 
Standing Orders. — 2. Proceedings subsequent to the Passing of the Act; 
Tables for Setting out Curves; Tables for Setting out Slopes ; Tablesof 
Relative Gradients; Specification of Works to be executed in tho con- 
struction of a Railway ; Form of Tender. 

XIII. — Colonial Survbytno. 

XIV. — Hydraulics in connection with Drainage, Sewerage, 
AND Water Supply.— With Synopsis of Ryde's Hydraulic Tables — 
Specifications, Iron Pipes and Castings ; Stone- Ware Drain Pipes ; Pipe 
Laying; Reservoir. 

XV. — Timber Measuring. Including Timber Tables, Solid Measure, 
Usyqual Sided Timber; Superficial Measure. 

XVL — Artificers' Work. 1. Bricklayers' and Excavators'— 2. 
Slaters' — 3. Carpenters' and Joiners'— i. Sawyers' — 6. Stonemasons' — 
6. Plasterers' — 7. Ironmongers' — ■&. Painters' — 9. Glaziers' — 10. Paper 
Hangers'. 

XVII.— Valuation OS 1 Estates. With Tables for the Purchasing of 
Freehold. Copyhold, or Leasehold Estates, Annuities, and Advowsons, 
and for Renewing LcaseB for Terms of Years certain and for Lives. 

XVIIL— Valuation of Tillages and Tenant Right, With 
Tables for Measuring and Valuing Hay Ricks. 
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CONTEXTS (eoiKinunf):— 

XIX. — Valuation of Pahisfjds. 

XX. — Bdildebs' Prices. 1. Carpenters' and Joiners' — 2. Masons' — 
8. Bricklayers' — 4. Plasterers' — 5. Ironmongers'— 6. Drainers' — T. 
Plumbers' — 8. Painters' — 9. Paper Hangers* and Decorators' — 10. 
Glaziers'— 1L Zinc Workers'— 12. Coppersmiths'— 13. Wireworkers'. 

XXL — Dilapidations and Nbisances. 1. General Definitions— 2. 
Dilapidations by Tenants for Life and Years— 3. Ditto by Mortjragee or 
Mortgagor — 1. Ditto of Party Walls and Fences— 5. Ditto of Highways 
and Bridges— 6. Nuisances. 

XXII.— Tee Law relating to Apphaisbbb and Auctioneers. 1. 
The Law relating to Appraisements — 2. The Law of Auction. 

XXIIL— Landlord and Tenant. 1. Agreements and Leases— 2. 
Notice to Quit— 3. Distress—*. Recovery of Possession. 

XXIV. — Tables. Of Natural Sines and Cosines— For Reducing 
Links into Feet— Decimals of a Pound Sterling. 

XXV. — Stamp Laws,— Stamp Duties— Customs' Duties. 



EXAMPLES OF VILLAS AND COUNTRY HOUSES. 



ON LANDED PROPERTY, Bt Pbofesbob Donaldson. 

L — Landlord and Tenant— their Position and Connections. 

II. — Lease of Land, Conditions, and Restrictions ; Choice of Tenant 
and Assignation of the Deed. 

III. — Cultivation of Land, and Rotation of Crops. 

IV. — Buildings necessary on Cultivated Lands — Dwelling Houses. 
Farmeries, and Cottages for Labourers. 

V. — Laying-out Farms, Roads, Fences, and Gate3. 

VI. — Plantations — Young and old Timber. 

VII. — Meadows and Embankments, Beds of Rivers, Water Courses, 
and Flooded Grounds. 

VIII. — Land Draining, Open and Covered,— Plan, Execution, and 
Arrangement between Landlord and Tenant, 

IX. — Minerals— Working and Value. 

X. — Expenses of an Estate — Regulations of Disbursements— *nd 
Relation of the appropriate Expenditures. 

XI. — Valuation of Landed Property ; of the Soil, of Houses, of Woods, 
of Minerals, of Manorial Rights, of Royalties, and of Fee Farm Rents. 

XII. — Land Steward and Farm Bailiff: Qualifications and Duties. 

XIII. — Manor Bailiff, Woodrove, Gardener, and Gamekeepers — their 
Position and Duties. 

XIV — Fixed days of Audit— Half- Yearly Payments of Rents— Form 
of Notices, Receipts, and of Cash Books, General Map of Estates, and of 
fcauii separate Farm— Concluding Observations. 
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BRIDGES. 

45. 

In 4 vols, royal Svo, illustrated by 138 engravings and 92 wood-cuts, bound 
in 3 vols, half-morocco, price £ 4. 10». 



THE THEORY, PRACTICE, AND ARCHITECTURE i 

OF 

BRIDGES OF STONE, IKON, TIMBER, AND WIRE; 

■WITH EXAMPLES ON THE PRINCIPLE OF SUSPENSION. 
DIVISIONS OF THE WOHK. 

Theohy of Bridges. By James Hann, King's College, London. 
General Principles of Construction, &c. Translated from Gaufhey. 
Theory op the Arch, Sc. l)y Professor Moaeley. 
Papbbs on Foundations. By T. Hughes, C.E. 

Account op IIutcheson Bridge, Glasgow, with Specification. By 

the late Robert Stevenson, C.E. 
Mathematical Principles of Dbedge's Suspension- Bridge. 
Essay and Treatises on the Practice and Architecture of Bridges. 

By William Hasting, F.S.A., Arch', and C.E. 
Specification of Chester Dee Bridge. 

Practical Description of the Timber Bridges, &c., on the Utica and 

Syracuse Railroad, U. S. By B. F. Isberwood, C. E., New York. 
Description of the Plates. — General Index, ite., &c, &c. 



entering of Hallatcr bridge acrost 
rirer Dee, Aberdeenshire. 

-■' '-et bridge. 



and Norham timber bridge 
idn ntr the Clyde at Glia- 



9. Section of foot-path on do., &c. 

10, Occupation bridge over the Caldcr and 
Hebble Navigation, by W. Bull. 

U. Newcastle, North Shield., and Trne. 
mouth railway viaduct across Wel- 
lington Dean, plans and elevations. 

I I. Ditto across Ousc Burn Dean, plan and 

lo. Isometrical view of the upper wooden 
bridge at Elysvillc over rhc Patapsco, 
on the Baltimore and Ohio Railroad. 

17. Elevation and plan of do. 

IS. Sections of do. 

19. Longitudinal section under the central 
archway of Old London b rid ee, show- 
ing the sunk weir recommended by 
Mr. Smeaton to hold the water up for 



20. Flan and clcvatioi 



. Hnrf-'ch 



nster, as designed by Wes- 



brldge. 

i. Elevation of the foot bridge over the 
WhiUddcr, at Abbey St, llMlicn's, 

Verf long elevation of Huiehesun bridge, 
Glasgow, by Robert Stevenson. 

!. J,<:[H;iUi'li!nt *!■<■!. >n "i ilini', aliuivh;: 
tlie progress of the works in 1B3I. 

I. Cross section of do., showing the build- 
ing apparatus and centre frames. 



ToLi-rnuscs of do. 
3t. Briiluc of the Schuylkill at Market 

Street. 1'hiladdr.hia. 
3fi. Details of do. 
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Ji Plpnoftlrcvvo 



central nrcli of Uonuon bridge. 
40. London ant] (-f.iviU.-n r.i:la:iv brbl-c 
on road from Croydon (■.> ;H v il u 1 1 1; ;u ^ . 

■; i.W..ni P.i'.il >'i: v 1 1 ■ - 1 1 r:;i:ii:.v I,ri--lt i t:i 

road from Norwood to llromlcv, 0.0. 
(3. London and Croydon railway bridge nt 



i:!,-ali.jr 
the vail 
Durban 



l'iliinr and timber 
of tile large pirn 
flan of pier, cleiat 



■J.. llri.ljr , I Jr-..i, p..- a- I . Ic.ji., n 
i;. )>u.. e!c«.mr.i. .(u-e i! lb; >ir.d 

t«.ni»I,"jf. tnuuneiro muIod of the 
bridge cl the •pr.nging uf an arth. 
plan of do,, transverse section of the 
bridge through the centre of one of 
tlie tiind arclica, plan of [he abutments, 
retail,]],,; kslIIh, &r. 
i_ I-:U:va:i^ii i)f t;„; Devil's bridge over 
the Scrcliin, near Lucca, Italy ; plan, 

1 111!,:, 
bv 1L Stevenson, elevation. 

m.iI :tu same. 



(li. T:::.\k: i.ii.l^v. o:i ill. 

cuae liaiiv.iv, 

in and 211 feet. 
G_ Do., span of ill fret, 
fjj. Do., ctvaii.vn, plan an 



i. So^lttruel 



fii. Abutment for a briilre of B2 ftet spa 

over the Oneida Creek. 
M. Trestle f *"" 1 ^. Oneida Creek Valley 

§Zi I>o., eletation of span of tM feet. 



connection of Hour beams, and croas 

L Trcitie bridge, Onondago Crccli Valley, 

span of M feet. 
(, A gjtaUrarietr of details: of joinery, 

IB. Isometriiif projections of iron plate. 



L DeLiils of do. 
f. Do! 

!. ridge, over the Aire, York- 
sliire, tViniU) of the iron-work. 



a, cn::ir:-.-ii view cf railing. 



: r-V. «■ 1 * - 1 1 ferrt. ror.iirccte 
Dir. Urrdjr", j,r.„c i le. 
l*em>net't design for the bridge oit 



BD. V-.y- : n chain p 



l.l.i'n [uruin 
l.r,l-,,Nle„f f 



and plan of Cam- 
bridge, Plvmouth. 
. G.rrard'a briJ-o. Cambridge, 

crnclivi bvlln; l!i,!i ■■■b ! i r Miia,iv, /\Y, 
V. Mvlm", eb'V:, !!., 11 .r:,: 
■. 1)0., SCCt'DMS i!Tl<i(U-ilill3 c'd... 

'. Do., transverse section of do. 

. Fribnurg ou-peofion l.riilgc, genera] 
rWali..!., "lib a hi-, 'i.,n .,: (l^ialltr 
of ll-.e Sarins am! .1 m.T.rint 
ahnfts, &c.j genera] plan, tnds oi 
pn.-rs, nub approaches enlarged, 

&£. 

b I>o., sections and details of do. 

; luda. Do. do. 

, Professor Moseley's diagrams of the 

L Da. 

, Hobert Stcvcnaon'a elevotioD of a chain 
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SUPPLEMENT TO THE PRECEDING WORK 



ON BRIDGES, 



In Inrjfu autl thick Si 



o, uniform in hidJblno 



lli-J ■ lirithjcs, Timber HHrl-^i. 
]'):niul ■■_>, "iiii every valuable detail : tnrcilici- - 

Rill' _--:-■,■! iVlitaillW ii! tl'i-- illlfil-sUlHf volume. 



li Ttxl inscription of ti 



In J vol. Ho., with I± plates, extra cloth boards and lettered, price 111., 

THE CARPENTER'S NEW GUIDE : 
THE BOOK OF LINES FOR CAEEEKTBE8, 

GEOMETRICALLY E5TLAINED; 
OOHPKISIKa ALL THE ELEMENTARS PRINCIPLES ESSENTIAL FOR ACQrrrRIK3 A 
KKOWLEBOE 07 THE THEORY AMD PRACTICE 01 CAKrEHIBY, 
A NEW EDITION, 



■;:?:!■.]■:'■ l-1 c-liti.ia, price Si. 1 



With 12 Engravings, new, improved, aa-1 c?:tcm!c-l flit; price 2L lit Bd., 
extra J ; l i - '.- c.-;trn irli'l !i L'.'ii! ar''J loitered, 

THE PRACTICAL RAILWAY ENGINEER : 

EXAMPLES OF THE HBCITASICAL AKJ> ESaiKEEMNH OrERATIOKS AKD BTMCTURES 
COXBIBSS If THE J1AKIS0 OF A 11 AIL WAV, 
By Q. D. DEMP6EY, C.E. 
Section I.— Curves, gradients, gauge, and Bection n-.-BeUiniiiff wnUs, bridgss, tuo. 

■ Section V. — Permanent way and construo- 
Bcction VI, r 

* BtOC — Ei-ske'sTS 

.J lulldsrs. 

ctric telegraph. 



Luoliue— Work- 
■m puling quoo- 



Kc.:tio:iVIil.— Sifi-ualsac 



Cli!!.::. r i 

2, S, J. Earth 
E Ditto, oral: 



8. Brii 



■ I.Vi.l.^.-. 



S, Paved crossings. 

Uaiiivav bridges, diagram. 
11, 15, 13, 14. Iivi 1:1 :<!: miri 

15. 13, Ditto, iron. 
TT. IB, 10, JO, 2L Dlttn, timber. 
IE. Centers for bridges. 

Si, 57. " ]\.nt Jj liontloiils." 



32. Details t 
Bl! Pennant 



■ U'L Cf.i-i : nv iji-i-1.-:. 
itow bridge, 
w- piling, oie. 



£8, Ditto, fish-joints, 4c. 
87_ Ditto, flail-joint chairs. 
88, |9, Ditto, oast-iron sleepers, &c. 

40, Ditto, BteplicnBou>,Brunors,lIem»ns's, 
~~ Macnoill's, and Doclcray's. 

41. Ditto, crossings. 



L Traversing platform. 
: Hina. di.-Lails. 

Siation-rooF at Kings Cress. 
. T>itt», Liverpool. 

. nitiM. l.iiiiiiiiighAro. 

i: .. 1 :-.:!■.-.■ ay carriages, 
i. Ditto, details. 
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In 1 Vol. 4to, extra cloth, hoards and lettered, 67 E 

DESIGNS AND EXAMPLES OF COTTAGES, 
VILLAS, AND COUNTRY HOUSES ; 

BEING THE STUDIES OP SEVERAL EMINENT ARCHITECTS AND BUILDERS. 



Ia Imperial Bio., with 13 largo folding Plates, extra doth hoards, price II*., 

A PRACTICAL AND THEORETICAL ESSAY 
ON OBLIQUE BRIDGES. 

Br QEORGE WATSON BUCK, M.Ioat. C.E. 



DESCRIPTION TO DIAGRAMS FOR FACILI- 
TATING THE CONSTRUCTION OF ' 
OBLIQUE BRIDGES. 



Br W. H. BARLOW, O.E., 
Second Edition, corrected and improved. 



In 1 rol. 4to., 60 plates, with dlmenaioni, extra ciotli boaids, price 21»„ 

EXAMPLES FOB 
BUILDERS, CARPENTERS, AND JOINERS; 



BEIHO WELL-SI 



S Of RECENT HODBRN ART A 



> ookstrcoTj'jx. 



. Geometrical Stairc 



1. Details 

t, Han and Elevation of the A'_:;chj:'i]:i 

Club Houee. 
!. Do. do. Arthur's Club, St, Ji.mes' 

Btrcot. 
D. Do. do. details. 
L Do. do. 
!. Design for Verandah. 
). Detail* of do. 
t. Design for Verandah. 
5. Details of do. 
I. Design for Verandah. 
t. Details of do. 

I. Elovalion of a Group of Now House*. 



B, and Dado. 



1. Beetion of the framing or frontiupieco 

of an entablature of a Shop front. 
I. Roof at Charter House. 
S. „ Clsrkeuwell C&.t*nn. 



Slizabothan terminations of a ELop 

h-i.ii; cnMiblaturo. 
loinory at Windsor Castla. 



i town entrance to the 
•obiiko of SutllCrll.ud'b, ;.t 



Lllleshall. 
. Jlullions of Windows; do. 
:. Plan and EIove" — - 



Public -bouse. 



. Grand Staircase, do. 
■. An Elegant Italian facade. 
:. Ponton Meusoy Church, Bell Turret. 
Plan and South Elevation of do. 

48. West Elevation of do. 

49. Elevations, with horizontal and vertical 

sections of tha Bell Turret, do. 

50. Transverse section of do. 
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